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DETAILED ACTION 
Election/Restrictions 

1. Applicant's election without traverse of Species A (Claims 1-16) in the reply filed on 
1 1/02/2004 is acknowledged. 

Priority 

2. Receipt is acknowledged of papers submitted under 35 U.S.C. 119(a)-(d), which papers 
have been placed of record in the file. 

Claim Rejections - 35 USC §102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

3. Claims 1, 2 and 9-16 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Hasegawa et al. (hereinafter Hasegawa '647) (JPO English machine translation of JP 11-191647, 
publication date 7/13/1999). 

• Regarding claims 1 and 12, Hasegawa '647 discloses an exchange coupling film 
comprising an antiferromagnetic layer [4] and a ferromagnetic layer [3], which are formed in 
contact with each other so that the magnetization direction of the ferromagnetic layer is pinned in 
a predetermined direction by an exchange coupling magnetic field produced at the interface 
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between both layers, wherein the antiferromagnetic layer is made of an antiferromagnetic 
material comprising an element X (at least one element selected from Pt, Pd, Ir, Rh, Ru, and Os) 
and Mn; [Hasegawa English translation, section 0017] and 

in a section of the exchange coupling film in parallel with the thickness direction thereof, 
the crystal grain boundaries formed in the antiferromagnetic layer and the crystal grain 
boundaries formed in the ferromagnetic layer are discontinuous in at least a portion of the 
interface [Hasegawa English translation, section 0017]. 

• Regarding claim 2, Hasegawa '674 discloses the antiferromagnetic layer and the 
ferromagnetic layer, equivalent crystal planes represented by a (111) plane are preferentially 
oriented in parallel with the interface [Hasegawa English translation, sections 0019 to 0021], 

• Regarding claim 9, Hasegawa '647 teaches the antiferromagnetic layer is made of a X- 
Mn-X* alloy (wherein X 1 represents at least one element selected from Ne, Ar, Kr, Xe, Be, B, C, 
N, Mg, Al, Si, P, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, 
Re, Au, Pb, and the rare earth elements) [Hasegawa English translation, sections 0023 and 0024], 

• Regarding claim 10, Hasegawa '647 teaches the X-Mn-X f alloy is an interstitial solid 
solution in which the element X' enters the interstices between space lattices composed of the 
element X and Mn. or a substitution solid solution in which the lattice points of crystal lattices 
composed of the element X and Mn are partially substituted by the element X f [Hasegawa 
English translation, sections 0023 and 0024]. 

• Regarding claim 11, Hasegawa '647 teaches the composition ratio of the element X or 
elements (X + X') is 45 at% to 60 at% [Hasegawa English translation, sections 001 1 1 and 01 12]. 
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• Regarding claim 13, Hasegawa '647 discloses a magnetoresistive element comprising an 
antiferromagnetic layer [4], a pinned magnetic layer [3] formed in contact with the 
antiferromagnetic layer so that the magnetization direction is pinned by an exchange coupling 
magnetic field with the antiferromagnetic layer, a free magnetic layer [l]formed on the pinned 
magnetic layer with a nonmagnetic intermediate layer [2] provided there between, and a bias 
layer [5] for orienting the magnetization direction of the free magnetic layer in a direction 
crossing the magnetization direction of the pinned magnetic layer, wherein the antiferromagnetic 
layer and the pinned magnetic layer formed in contact with the antiferromagnetic layer comprise 
an exchange coupling film according to Claim 1 [Hasegawa English translation, section 0033, 
drawing 1]. 

• Regarding claim 14, Hasegawa '647 discloses a magnetoresistive element comprising an 
antiferromagnetic layer [4], a pinned magnetic layer [3] formed in contact with the 
antiferromagnetic layer so that the magnetization direction is pinned by an exchange coupling 
magnetic field with the antiferromagnetic layer, a free magnetic layer [1] formed on the pinned 
magnetic layer with a nonmagnetic intermediate layer [2] provided there between, and 
antiferromagnetic exchange bias layers [9] formed on or below the free magnetic layer with a 
space corresponding to a track width Tw, wherein the exchange bias layers and the free magnetic 
layer comprise an exchange coupling film according to Claim 1, and magnetization of the free 
magnetic layer is pinned in a predetermined direction [Hasegawa English translation, section 
0034, drawing 2]. 

• Regarding claim 15, Hasegawa '647 discloses a magnetoresistive element comprising 
nonmagnetic layers laminated on and below a free magnetic layer [1], pinned magnetic layers [3] 
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located on one of the nonmagnetic intermediate layers [2] and below the other nonmagnetic 
intermediate layer, antiferromagnetic layers [4] located on one of the pinned magnetic layers and 
below the other pinned magnetic layer, for pinning the magnetization direction of each of the 
pinned magnetic layers in a predetermined direction by an exchange coupling magnetic field, and 
a bias layer [5] for orienting the magnetization direction of the free magnetic layer in a direction 
crossing the magnetization direction of the pinned magnetic layers, wherein the 
antiferromagnetic layers and the pinned respectively formed in contact with the 
antiferromagnetic layers comprise an exchange coupling film according to Claim 1 [Hasegawa 
English translation, section 0035, drawing 3]. 

• Regarding claim 16, Hasegawa '674 discloses a magnetoresistive element comprising 
magnetoresistive layer [12] and a soft magnetic layer [10] which are laminated with a 
nonmagnetic layer[ll] provided there between, and antiferromagnetic layers formed on or below 
the magnetoresistive layer with a space there between corresponding to a track width Tw, 
wherein the antiferromagnetic layers and the magnetoresistive layer comprise an exchange 
coupling film according to Claim 1 [Hasegawa English translation, section 0036, drawing 4]. 
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Claim Rejections - 35 USC §103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 3 and 8 are rejected under 35 U.S.C. 103(a) as being obvious over Hasegawa et 
al. (hereinafter Hasegawa '647) (JPO English machine translation of JP 11-191647, publication 
date 7/13/1999) as applied to claim 1 above and further in view of Gill (US 6,456,469 Bl). 

• Regarding claims 3 and 8, Hasegawa '647 discloses all the features, supra, but does not 
teach a seed layer formed below the ferromagnetic layer and having a crystal structure mainly 
composed of a face-centered cubic crystal in which equivalent crystal planes represented by the 
{111} plane are preferentially oriented in parallel with the interface. 

Gill teaches a seed layer [408] formed below a pinned layer [416] and in contact with an 
antiferromagnetic layer [410], and having a crystal structure mainly composed of a face- 
centered cubic crystal in which equivalent crystal planes represented by the {111} plane are 
preferentially oriented in parallel with the interface [col. 6, line 65 to col. 7, line 11; col. 10, lines 
64-67]. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to provide the magnetoresistive element of Hasegawa with a seed layer formed below 
the ferromagnetic layer and having a crystal structure of a face-centered cubic crystal as taught 
by Gill. 
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The rationale is as follows: One of ordinary skill in the art at the time of the invention 
would have been motivated to provide the magnetoresistive element of Hasegawa with a seed 
layer formed below the ferromagnetic layer and having a crystal structure of a face-centered 
cubic crystal as taught by Gill in order to establish a consistent crystalline structure for adjacent 
layers [Gill; col. 6, lines 25-40]. 

5. Claims 4-7 are rejected under 35 U.S.C. 103(a) as being obvious over Hasegawa et al. 
(hereinafter Hasegawa 4 647) (JPO English machine translation of JP 1 1-191647, publication date 
7/13/1999) and Gill (US 6,456,469 Bl) as applied to claim 3 above and further in view of Lee et 
al. (hereinafter Lee) (US 5,731,936). 

• Regarding claim 4, Hasegawa '647 and Gill disclose all the features, supra, but do not 
teach the seed layer is made of a NiFe alloy, Ni, a Ni-Fe-Y alloy (wherein Y is at least on 
element selected from Cr, Rh, Ta, Hf, Nb, Zr, and Ti) or a Ni-Y alloy. 

Lee teaches a seed layer [74] composed of a Ni-Fe-Y alloy (wherein Y is at least on 
element selected from Cr, Rh, Ta, Hf, Nb, Zr, and Ti) [col. 2, lines 45-63]. 

Regarding claim 5, Lee teaches the seed layer is represented by the composition formula 
(Nii- x Fe x )i- y Y y (x and y are atomic ratios) wherein the atomic ratio x is 0 to 0.3, and the atomic 
ratio y is 0 to 0.5 [col. 6, lines 15-24]. 

Regarding claim 6, Lee discloses the seed layer is nonmagnetic at normal temperature 
[col. 6, lines 47-55]. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to provide the magnetoresistive element of Hasegawa and Gill with a seed layer 
composition as taught by Lee. 
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The rationale is as follows: One of ordinary skill in the art at the time of the invention 
would have been motivated to provide the magnetoresistive element of Hasegawa and Gill with a 
seed layer composition as taught by Lee in order to increase the MR coefficient [Lee; col. 2, 
lines 45-48]. 

• Regarding claim 7, Hasegawa 4 647 and Gill disclose all the features, supra, but do not 
teach an underlayer formed below the seed layer and comprising at least one element selected 
from Ta, Hf, Nb, Zr, Ti, Mo and W. 

Lee discloses an underlayer formed below the seed layer and comprising at least one 
element selected from Ta, Hf, Nb, Zr, Ti, Mo and W [col. 2, lines 51-54]. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to provide the magnetoresistive element of Hasegawa and Gill with an underlayer 
formed below the seed layer as taught by Lee. 

The rationale is as follows: One of ordinary skill in the art at the time of the invention 
would have been motivated to provide the magnetoresistive element of Hasegawa and Gill with 
an underlayer formed below the seed layer as taught by Lee in order to increase the MR 
coefficient of the magnetoresistive element [Lee; col. 2, lines 51-54]. 
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Conclusion 

6. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Christopher R. Magee whose telephone number is (703) 605- 
4256. The examiner can normally be reached on M-F, 8: 00 am-5: 30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, William Korzuch can be reached on (703) 305-6137. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




February 1 8, 2005 Christopher R. Magee 

Patent Examiner 
Art Unit 2653 
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CLAIMS 



[Claim(s)] 

[Claim 1] By an antiferromagnetism layer and a ferromagnetic layer touching, forming them and performing heat 
treatment In the switched connection film with which an exchange anisotropy field occurs in the interface of said 
antiferromagnetism layer and ferromagnetic layer and the magnetization direction of said ferromagnetic layer is 
fixed in the fixed direction said antiferromagnetism layer Switched connection film characterized by being formed 
with the antiferromagnetism ingredient which contains Elements X (however, X is any one sort or two sorts or more 
of elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn at least, and the interface structure of said 
antiferromagnetism layer and ferromagnetic layer being in a disconfomVrty condition. 

[Claim 2] Switched connection film according to claim 1 with which a part of [ at least ] crystal structures of said 
antiferromagnetism layer after heat treatment serve as a face-centered square superfattice of L10 mold. 
[Claim 3] Switched connection film according to claim 1 or 2 with which the crystal orientation of said 
antiferromagnetism layer and a ferromagnetic layer differs in the interface of said antiferromagnetism layer and 
ferromagnetic layer. 

[Claim 4] The amount of preferred orientation of the {111} sides of said antiferromagnetism layer is switched 
connection film according to claim 3 which is smaller than the amount of preferred orientation of said ferromagnetic 
layer, or serves as non-orientation to the (111} sides of said ferromagnetic layer carrying out priority orientation in 
the direction parallel to an interface with said antiferromagnetism layer. 

[Claim 5] The amount of preferred orientation of the {111} sides of said ferromagnetic layer is switched connection 
film according to claim 3 which is smaller than the amount of preferred orientation of said antiferromagnetism layer, 
or serves as non-orientation to the {111} sides of said antiferromagnetism layer carrying out priority orientation in 
the direction parallel to an interface with said ferromagnetic layer. 

[Claim 6] Both the amount of preferred orientation of the {111} sides of said antiferromagnetism layer to a direction 
parallel to the interface of said antiferromagnetism layer and ferromagnetic layer and the amount of preferred 
orientation of the {111} sides of said ferromagnetic layer are switched connection film according to claim 3 with 
which it is small, or has become non-orientation, priority orientation of the crystal faces other than the 
aforementioned {111} sides is carried out in the direction parallel to an interface, and the crystal orientation of an 
antiferromagnetism layer and a ferromagnetic layer differs. 

[Claim 7] It is the switched connection film according to claim 1 to 6 whose element X said antiferromagnetism layer 
is formed with a X-Mn alloy, and is Pt. 

[Claim 8] the ratio of the lattice constants a and c of said antiferromagnetism [ said antiferromagnetism layer is 
formed with a PtMn alloy, and ] layer after heat treatment — the switched connection film according to claim 7 
whose c/a is within the limits of 0.93-0.99. 

[Claim 9] Said antiferromagnetism layer is a X-Mn-X' alloy (however. X). It is formed, the inside of Pt, Pd, Ir, Rh. Ru, 
and Os . — any one sort or two sorts or more of elements — it is — said X-Mn-X* alloy Switched connection film 
according to claim 1 to 6 a part of whose lattice point of the crystal lattice which consists of elements X and Mn it 
is the interstitial solid solution by which element X 1 trespassed upon the clearance between the space lattices which 
consist of elements X and Mn, or is the substitution solid solution permuted by element X*. 

[Claim 1 0] The element X of the X-Mn-X* alloy used as said antiferromagnetism layer is switched connection film 
according to claim 9 which is Pt 

[Claim 1 1] Said element X* Ne, Ar, Kr, Xe, Be. B, C, N, Mg. aluminum. Si, P. Ti, V, Cr. Fe, Co, nickel. Cu, Zn, Ga, 
germanium, Zr, Nb, Mo, Ag. Cd, Ir. Sn, Hf. Ta, W. Re, Au, Pb, And switched connection film according to claim 9 or 1 0 
which is one sort or two sorts or more of elements among rare earth elements. 

[Claim 1 2] Said element X 1 is switched connection film according to claim 1 1 which is one sort or two sorts or more 
of elements among Ne, Ar. Kr, and Xe. 

[Claim 13] The presentation ratio of said element X' is switched connection film according to claim 9 to 12 which is 
at% and is within the limits of 0.2-10. 

[Claim 1 4] The presentation ratio of said element X' is switched connection film according to claim 1 3 which is at% 
and is within the limits of 0.5-5. 

[Claim 15] X:Mn is switched connection film of a presentation ratio with Elements X and Mn according to claim 13 or 
1 4 which is within the limits of 4:6-6:4 comparatively. 

[Claim 1 6] The X-Mn-X* alloy used as said antiferromagnetism layer is switched connection film according to claim 9 
to 1 5 formed of a spatter. 
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[Claim 17] It is the switched connection film given in either of claims 1 . 7, and 8 which said antiferromagnetism layer 
is formed with a X-Mn alloy (however, X is any one sort or two sorts or more of elements among Pt, Pd. Ir, Rh, Ru, 
and Os). said antiferromagnetism layer is formed on the ferromagnetic layer* and the presentation ratio of X of a X- 
.Mn alloy is at%. and are within the limits of 47-57. 

[Claim 18] Said antiferromagnetism layer is a X-Mn-X* alloy (however, X). They are any one sort or two sorts or 
more of elements among Pt. Pd, Ir f Rh. Ru, and Os. X' Ne, Ar, Kr, Xe, Be, B. C. N, Mg, aluminum. Si, P, Ti, V, Cr, Fe, 
Co, nickel, Cu, Zn, Ga. germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta. W. Re, Au, Pb. and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — the switched connection film according to claim 
13 to 15 which it is formed, said antiferromagnetism layer is formed on the ferromagnetic layer, and the presentation 
ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 47-57. 

[Claim 19] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is 
witched connection film according to claim 17 or 18 which is at% and is within the limits of 50-56.. 
[Claim 20] It is the switched connection film given in either of claims 1 , 7, and 8 which said antiferromagnetism layer 
is formed with a X-Mn alloy (however. X is any one sort or two sorts or more of elements among Pt, Pd, Ir, Rk, Ru, 
and Os), said antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, and the presentation ratio 
of X of a X-Mn alloy is atX, and are within the limits of 44-57. 

[Claim 21] Said antiferromagnetism layer is a X-Mn-X' alloy (however, X')- Ne, Ar, Kr, Xe, Be, B, C, N. Mg, aluminum, 
Si, P. Ti. V, Cr. Fe, Co, nickel. Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag. Cd, Ir, Sn, Hf, Ta. W, Re. Au, Pb, and the inside 
of rare earth elements — one sort or two sorts or more of elements — it is — the switched connection film 
according to claim 1 3 to 15 which it is formed, said antiferromagnetism layer is formed in the bottom of a 
ferromagnetic layer, and the presentation ratio of X+X' of a X-Mn-X' alloy is at%, and is within the limits of 44-57. 
[Claim 22] The presentation ratio of X of a X-Mn alloy or the presentation ratio of X+X' of a X-Mn-X' alloy is 
switched connection film according to claim 20 or 21 which is at% and is within the limits of 46-55. 
[Claim 23] An antiferromagnetism layer and the fixed magnetic layer to which it is formed in in contact with this 
antiferromagnetism layer, and the magnetization direction is fixed by the exchange anisotropy field with said 
antiferromagnetism layer. The free magnetic layer formed in said fixed magnetic layer through the nonmagnetic 
conductive layer. The bias layer which arranges the magnetization direction of said free magnetic layer in the 
magnetization direction of said fixed magnetic layer, and the crossing direction. It has a fixed magnetic layer, a 
nonmagnetic conductive layer, and the conductive layer that gives a detection current to a free magnetic layer. The 
magneto-resistive effect component characterized by forming the fixed magnetic layer formed in contact with said 
antiferromagnetism layer and this antiferromagnetism layer with the switched connection film indicated by either 
claim 1 thru/or claim 22. 

[Claim 24] The magneto-resistive effect component according to claim 23 currently formed with the switched 
connection film with which spacing of the width of recording track Tw was vacated for said free magnetic layer top 
or bottom, the laminating of the antiferromagnetism layer was carried out and said antiferromagnetism layer and 
free magnetic layer were indicated by either claim 1 thru/or claim 22. 

[Claim 25] The nonmagnetic conductive layer to which the laminating of the free magnetic layer was carried out up 
and down, and the fixed magnetic layer located on said one nonmagnetic conductive layer and under the 
nonmagnetic conductive layer of another side. It is located on said one fixed magnetic layer and under the fixed 
magnetic layer of another side. The antiferromagnetism layer which fixes. the magnetization direction of each fixed 
magnetic layer in the fixed direction by the exchange anisotropy field, It has the bias layer which arranges the 
magnetization direction of said free magnetic layer in the magnetization direction of said fixed magnetic layer, and 
the crossing direction. The magneto-resistive effect component characterized by forming the fixed magnetic layer 
formed in contact with said antiferromagnetism layer and this antiferromagnetism layer with the switched 
connection film indicated by either claim 1 thru/or claim 22. 

[Claim 26] The magneto-resistive effect component characterized by having the magnetic-reluctance layer and soft 
magnetism layer which "were piled up through the hon^ma^eticlayerrvacatirig spacing~of "the width of recording 
track Tw for said magnetic-reluctance layer top or bottom, forming an antiferromagnetism layer, and forming said 
antiferromagnetism layer and magnetic-reluctance layer with the switched connection film indicated by either claim 
1 thru/or claim 22. 

[Claim 27] The thin film magnetic head characterized by the thing of the magneto-resistive effect component 
indicated by claim 23 thru/or either of 26 for which the shielding layer is formed through the gap layer up and down. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By the exchange anisotropy field which this invention consists of an antiferromagnetism 
layer and a ferromagnetic layer, and is generated in the interface of said antiferromagnetism layer and ferromagnetic 
layer The switched connection film with which the magnetization direction of said ferromagnetic layer is fixed in the 
fixed direction is started. When said especially antiferromagnetism layer is formed with the antiferromagnetism 
ingredient containing Elements X (Pt, Pd, etc) and Ma it is related with the switched connection film which enabled 
it to acquire a larger exchange anisotropy field, and the magneto-resistive effect component (a spin bulb mold thin 
film. AMR component) using this switched connection film. 
) [0002] 

[Description of the Prior Art] A spin bulb mold thin film is one sort using giant magneto-resistance of a GMR (giant 
magnetoresistive) component and detects the record field from record media, such as a hard disk. This spin bulb 
mold thin film has the point which was excellent in some — also in a GMR component, structure is comparatively 
simple and. moreover, resistance changes by the weak field. 

[0003] Said spin bulb mold thin film is the simplest structure, and consists of an antiferromagnetism layer, a fixed 
magnetic layer, a nonmagnetic conductive layer, and a free magnetic layer, the exchange anisotropy field which said 
antiferromagnetism layer and fixed magnetic layer touch, and it is formed, and is generated in the interface of said 
antiferromagnetism layer and fixed magnetic layer — the magnetization direction of said fixed magnetic layer — the 
fixed direction — a single domain — it is-izing and fixed. Magnetization of a free magnetic layer is arranged in the 
magnetization direction of said fixed magnetic layer, and the crossing direction by the bias layer formed in the both 
sides. 

[0004] Generally the Co-Pt (cobalt-platinum) alloy film etc. is used for Cu (copper) film and a bias layer by the Fe- 
Mn (iron-manganese) alloy film or the nickef-Mn (nickel-manganese) alloy film, the fixed magnetic layer, and the free 
magnetic layer at the nickel-Fe (nickel-iron) alloy film and the nonmagnetic conductive layer 3 at said 
antiferromagnetism layer. 

[0005] In this spin bulb mold thin film, if the magnetization direction of said free magnetic layer is changed, electric 
resistance will change with the leakage fields from record media, such as a hard disk, by relation with the fixed 
magnetization direction of a fixed magnetic layer, and the leak field from a record medium is detected by the 
electrical-potential-difference change based on this electric resistance value change. ' 
\ [0008] By the way. although the Fe-Mn alloy film and the nickel-Mn alloy film are used for an antiferromagnetism 
layer as mentioned above, the Fe— Mn alloy film has low corrosion resistance, and an exchange anisotropy field is 
small and blocking temperature is low with about 1 50 degrees C further. The problem that an exchange anisotropy 
field will disappear occurs by the rise of the chip temperature under the production process of a head, and head 
actuation because blocking temperature is low. On the other hand, compared with the Fe-Mn alloy film, the nickel- 
Mn alloy film has a comparatively large exchange anisotropy field, and, moreover, its blocking temperature is as high 
as about 300 degrees C. Therefore, it is more desirable to use the nickel-Mn alloy film for an antiferromagnetism 
layer rather than the Fe-Mn alloy film. 

[0007] Moreover. B.Y.Wong, C.Mitsumata. SPrakash, D.E.Laughlin, and T Kobayashi: Joumatof Applied The interface 
structure of said antiferromagnetism layer and fixed magnetic layer (NiFe alloy film) at the time of using the nickel- 
Mn alloy film as an antiferromagnetism layer is reported to Phsysics, vol.79. No 10, and p.7896-p.7904 (1996). 
[0008] This paper the crystal adjustment condition in a NiFe/NiMn interface is maintained, and it is growing up so 
that the (111) sides of both NiFe and NiMn may become parallel to a film surface. The adjustment distortion by the 
interface is eased by introducing much twin crystal which makes a field parallel to a film surface a twin plane. 
However, reguJation-ization of NiMn near the interface is low controlled by extant interface distortion, and whenever 
[ regulation-ized ] is high by it in the location tfstant from the interface. It is indicated as 

[0009] In addition, the thing in the condition that the atom of an antiferromagnetism layer and a fixed magnetic layer 
corresponds by 1 to 1 is said, and disconformity says conversely the thing in the condition that there is no atom of 
the antiferromagnetism layer and fixed magnetic layer in an interface in the physical relationship of a pair. [ in / in 
adjustment / an interface ] 

[0010] Although an exchange anisotropy field occurs in the interface of a NiMn alloy and a fixed magnetic layer by 
performing heat treatment when an antiferromagnetism layer is formed with a NiMn alloy, a NiMn alloy depends this 
on metamorphosing into a supeiiattice from an irregular grid by performing heat treatment 
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[001 1] If heat treatment is performed although the crystal structure of a NiMn alloy is a face-centered cubic lattice 
(henceforth an irregular grid) with the irregular array sequence of nickel and Mn atom before heat treatment is 
performed, the crystal structure will metamorphose into a face centred tetragonal lattice from a face-centered 
cubic lattice, and. moreover, an atomic location will regulatiorHze it (henceforth a superlattice). in addition, the ratio 
of the lattice constants a and c of the nickel-Mn alloy film when the crystal structure becomes a superlattice 
completely — c/a is 0.942. 

[001 2] Thus, since lattice constant ratio c/a of the NiMn alloy film which became a superlattice completely is a 
value comparatively near 1, even if it is comparatively small, therefore the interface structure of the NiMn alloy film 
and a fixed magnetic layer is in an adjustment condition, by performing heat treatment, a NiMn alloy metamorphoses 
into a superlattice from an irregular grid, and an exchange anisotropy field generates the grid distortion by the 
interface produced when metamorphosing into a superlattice from an irregular grid. In addition, the grid distortion in 
an interface is eased to some extent with twin crystal as indicated by the paper mentioned above. 
[001 3] 

[Problem(s) to be Solved by the Invention] As mentioned above, although as for the NiMn alloy the exchange 
anisotropy field has become . and blocking temperature has also become as high as about 300 degrees C and it had 
the property which was excellent compared with the conventional FeMn alloy, it was not able to say comparatively 
that it was enough like the FeMn alloy about corrosion resistance. 

[0014] So, recently, it excels in corrosion resistance, moreover a larger exchange anisotropy field than a NiMn alloy 
is generated, and the X-Mn alloy (X=Pt, Pd, Ir, Rh, Ru, Os) using platinum group metals as an antiferromagnetism 
ingredient which has high blocking temperature is capturing the spotlight. If the X-Mn alloy containing platinum group 
metals is used as an antiferromagnetism layer, a playback output can be raised compared with the former, and an 
* exchange anisotropy field will be extinguished and it will be hard coming to also generate the fault that reproducing 
characteristics fall, by the rise of the chip temperature at the time of head drive actuation. 

[0015] By the way. when the X-Mn alloy containing these platinum group metals is used as an antiferromagnetism 
layer, in order to generate an exchange anisotropy field, it is necessary to perform a membrane formation postheat 
treatment like the case where a NiMn alloy is used as an antiferromagnetism layer. According to the reference 
which was mentioned above in the case of the NiMn alloy, it was indicated that the interface structure with a fixed 
magnetic layer (NiFe alloy) was in an adjustment condition, but it turned out that an exchange anisotropy field hardly 
occurs even if it will heat-treat also in a X-Mn alloy (X is platinum group metals), if interface structure with a fixed 
magnetic layer is similarly made into the adjustment condition. 

[001 6] This invention is for solving the above-mentioned conventional technical problem, and when the 
antiferromagnetism ingredient containing Elements X (X is platinum group metals) and Mn is used as an 
antiferromagnetism layer, it relates to the switched connection film which enabled it to generate a large exchange 
anisotropy field, and the magneto-resistive effect component using this switched connection film. 
[0017] 

[Means for Solving the Problem] This invention by an antiferromagnetism layer and a ferromagnetic layer touching, 
forming them and performing heat treatment In the switched connection film with which an exchange anisotropy field 
occurs in the interface of said antiferromagnetism layer and ferromagnetic layer, and the magnetization direction of 
said ferromagnetic layer is fixed in the fixed direction said antiferromagnetism layer It is formed with the 
antiferromagnetism ingredient which contains Elements X (however, X is any one sort or two sorts or more of 
elements among Pt, Pd, Ir, Rh, Ru, and Os), and Mn at least, and interface structure of said antiferromagnetism layer 
and ferromagnetic layer is characterized by being in a disconformity condition. 

II 8] Moreover, it is desirable that a part of [ at least ] crystal structures of said antiferromagnetism layer after 
heat treatment serve as a face-ce ntered s qu ace ^superlattice of L 10 mold. It is desirable that the crystal orientation 
of said antiferromagnetism layer and a ferromagnetic layer furthermore differs according to the interface of said 
^antiferromagnetism layer, and ferromagnetic. layer by this invention. 

/ [001 9] In this invention, to the {111} sides of said ferromagnetic layer carrying out priority orientation in the 
I direction parallel to an interface with sard antiferromagnetism layer, the amount of preferred orientation of the {111} 
V sides of said antiferromagnetism layer is smaller than the amount of preferred orientation of said ferromagnetic 
layer, or serves as non-orientation. 

[0020] Or to the {111} sides of said antiferromagnetism layer carrying out priority orientation in the direction parallel 
to an interface with said ferromagnetic layer, the amount of preferred orientation of the (111} sides of said 
ferromagnetic layer is smaller than the amount of preferred orientation of said antiferromagnetism layer, or serves 
as n on— orientation. 

[0021] Or both the amount of preferred orientation of the {111} sides of said antiferromagnetism layer to a direction 
parallel to the interface of said antiferromagnetism layer and ferromagnetic layer and the amount of preferred 
orientation of the (111) sides of said ferromagnetic layer are small, or serve as non-orientation, priority orientation 
of the crystal faces other than the aforementioned {111} sides is carried out in the direction parallel to an interface, 
and the crystal orientation of an antiferromagnetism layer and a ferromagnetic layer differs. 

[0022] Moreover, in this invention, said antiferromagnetism layer is formed with a X-Mn alloy, and, as for Element X, 
it is desirable that it is Pt furthermore, the ratio of the lattice constants a and c of said antiferromagnetism layer 
after heat treatment when said antiferromagnetism layer is formed with a PtMn alloy — as for c/a, tt is desirable 
that it is within the limits of 0.93-0.99. 
^ [0023] Or at this invention, said antiferromagnetism layer is a X-Mn-X' alloy (however, X). It is formed, the inside of 
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Pt, Pd, It. Rh, Ru, and Os — any one sort or two sorts or more of elements — it is — said X-Mn-X' alloy It is the 
interstitial solid solution by which element X' trespassed upon the clearance between the space lattices which 
consist of elements X and Mn, or a part of lattice point of the crystal lattice which consists of elements X and Mn is 
the substitution solid solution permuted by element X'. Especially the element X of the X-Mn-X' alloy used as said 
antiferromagnetism layer is Pt, i.e., being formed with the Pt-Mn-X' alloy is [ said antiferromagnetism layer ] 
desirable. 

[0024] Cn this invention, in addition, element X' of the X-Mn-X* alloy used as said antiferromagnetism layer No, Ar. 
Kr. Xe. Be, B, C. N, Mg. aluminum. Si, P. Ti. V. Cr. Fe. Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd. Ir. Sn, Hf, 
Ta, W, Re, Au, Pb, And it is desirable that they are one sort or two sorts or more of elements among rare earth 
^elements, and said element X* is one sort or two sorts or more of elements among Ne. Ar, Kr, and Xe more 

C preferably. 
[0025] Moreover, in this invention, when said antrferromagnetism layer is formed with a X-Mn-X' alloy, it is desirable 
that the presentation ratio of X' is at% and it is within the limits of 0.2-10, and it is within the limits of 0.5-5 more 
preferably. % 

[0026] When said antiferromagnetism layer is furthermore formed with a X-Mn-X* alloy by this invention, as for 
X:Mn, it is comparatively desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 
4:6-6:4. In addition, as for the X-Mn-X* alloy used as said antiferromagnetism layer, being formed of a spatter is 
desirable. 

[0027] In this invention, said antiferromagnetism layer is formed with a X-Mn alloy (however, X is any one sort or 
two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os), said antiferromagnetism layer is formed on the 
ferromagnetic layer, it is at% and, as for the presentation ratio of X of a X-Mn alloy, it is desirable that it is within 
A the limits of 47-57. 

[0028] Moreover, at this invention, said antiferromagnetism layer is a X-Mn-X* alloy (however, X). They are any one 
sort or two sorts or more of elements among Pt, Pd. Ir, Rh. Ru, and Os. X' Ne, Ar, Kr. Xe, Be, B, C. N, Mg. aluminum, 
Si, P. Ti, V, Cr, Fe, Co, nickel, Cu. Zn, Ga, germanium. Zr, Nb, Mo, Ag. Cd, Ir, Sn, Hf, Ta, W, Re, Au. Pb. and the inside 
of rare earth elements — one sort or two sorts or more of elements — it is — it is formed and said 
antiferromagnetism layer is formed on the ferromagnetic layer, rt is at% and, as for the presentation ratio of X+X' of 
a X-Mn-X' alloy, it is desirable that it is within the limits of 47-57. 

[0029] It is more more desirable still that the presentation ratio of X of a X-Mn alloy or the presentation ratio of 
X+X' of a X-Mn-X* alloy is at%, and it is within the limits of 50-56 in this invention. 

[0030] In this invention, said antiferromagnetism layer is formed with a X-Mn alloy (however. X is any one sort or 
two sorts or more of elements among Pt Pd, Ir, Rh. Ru, and Os). said antiferromagnetism layer is formed in the 
bottom of a ferromagnetic layer, it is at% and, as for the presentation ratio of X of a X-Mn alloy, it is desirable that it 
is within the limits of 44-57. 

[0031] Moreover, at this invention, said antiferromagnetism layer is a X-Mn-X* alloy (however. X'). Ne f Ar, Kr. Xe, Be. 
B, C. N. Mg, aluminum. Si, P. Ti, V, Cr, Fe. Co. nickel, Cu, Zn, Ga, germanium, Zr, Nb. Mo. Ag, Cd, Ir, Sn, Hf, Ta, W, Re. 
Au. Pb. and the inside of rare earth elements — one sort or two sorts or more of elements — it is — it is formed 
and said antiferromagnetism layer is formed in the bottom of a ferromagnetic layer, it is at% and, as for the 
presentation ratio of X+X' of a X-Mn-X' alloy, it is desirable that it is within the limits of 44-57. 
[0032] h is more more desirable still that the presentation ratio of X of a X-Mn alloy or the presentation ratio of 
X+X' of a X-Mn-X' alloy is at%, and it is within the limits of 46-55 in this invention. 

[0033] The switched connection film formed as mentioned above is usable for various magneto-resistive effect 
components in this invention. First the single spin bulb mold thin film in this invention An antrferromagnetism layer 
and the fixed magnetic layer to which it is formed rn in contact with this antrferromagnetism layer, and the 
magnetization direction is fixed by the exchange anisotropy field with said antiferromagnetism layer. The free 
magnetic layer formed in said fixed magnetic layer through the nonmagnetic conductive layer, The bias layer which 
arranges the magnetization direction of said free magnetic layer in the magnetization direction of said fixed magnetic 
layer, and the crossing direction. It has a fixed magnetic layer, a nonmagnetic conductive layer, and the conductive 
layer that gives a detection current to a free magnetic layer, and the fixed magnetic layer formed in contact with 
said antrferromagnetism layer and this antiferromagnetism layer is characterized by being formed with the switched 
connection film mentioned above. 

[0034] Moreover, in this invention, spacing of the width of recording track Tw may be vacated for the above- 
mentioned single spin bulb mold thin-4ilm the top or the bottom of a free magnetic layer, an antiferromagnetism 
layer may be formed, and said antiferromagnetism layer and free magnetic layer may be formed with the switched 
connection film mentioned above. 

[0035] Moreover, the dual spin bulb mold thin film in this invention The nonmagnetic conductive layer to which the 
laminating of the free magnetic layer was carried out up and down, and the fixed magnetic layer located on said one 
nonmagnetic conductive layer and under the nonmagnetic conductive layer of another side, It is located on said one 
fixed magnetic layer and under the fixed magnetic layer of another side. The antiferromagnetism layer which fixes 
the magnetization direction of each fixed magnetic layer in the fixed direction by the exchange anisotropy field. It 
has the bias layer which arranges the magnetization direction of said free magnetic layer in the magnetization 
direction of said fixed magnetic layer, and the crossing direction, and the fixed magnetic layer formed in contact with 
said antiferromagnetism layer and this antiferromagnetism layer is characterized by being formed with the switched 
connection film mentioned above. 
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/[0036] Furthermore, the AMR component in this invention is characterized by having the magnetic-reluctance layer 
' and soft magnetism layer which were piled up through the non-magnetic layer, vacating spacing of the width of 
recording track Tw for said magnetic-reluctance layer top or bottom, forming an antiferromagnetism layer, and 
forming said antiferromagnetism layer and magnetic-reluctance layer with the switched connection film mentioned 
above. Moreover, the thin film magnetic head in this invention is characterized by the thing of the magneto-resistive 
effect component mentioned above for which the shielding layer is formed through the gap layer up and down. 
[0037] When the antiferromagnetism ingredient which contains Elements X (any one sort or two sorts or more of 
elements among [ X= ] Pt, Pd. Ir, Rh, Ru, and Os) and Mn at least is used as an antiferromagnetism layer, it enables 
it to acquire an exchange anisotropy field to fitness by making interface structure with a ferromagnetic layer into a 
disconformity condition in this invention. 

[0038] The reason for making interface structure with a ferromagnetic layer into a disconformity condition is for 
making the crystal structure of an antiferromagnetism layer metamorphose into a supertattice from an irregular grid 
at fitness, and generating a larger exchange anisotropy field when heat-treating. Below, the relation of said 
disconformity condition and exchange anisotropy field is explained in full detail. 

[0039] First, although a disconformity condition means that the atom by the side of said antiferromagnetism layer 
and the atom by the side of a ferromagnetic layer do not correspond to 1 to 1 . but atomic physical relationship 
differs in the interface of an antiferromagnetism layer and a ferromagnetic layer, in order to make interface 
structure into a disconformity condition in this way, it is necessary to control the lattice constant of the 
antiferromagnetism layer before heat treatment to fitness. 

[0040] In this invention, said antiferromagnetism layer is formed for example, with a X-Mn alloy (any one sort or two 
sorts or more of elements among [ However. X ] Pt; Pd, Ir, RK Ru, and Os). 

[0041] He chooses the presentation ratio of X of said X-Mn alloy as fitness, and is trying for the difference of the 
value of the lattice constant of the X-Mn alloy before heat treatment and the value of the lattice constant of a 
ferromagnetic layer (for example. NiFe alloy) to become large in this invention. 

[0042] Although the array sequence of X and Mn atom both serves as an irregular face-centered cubic lattice 
(henceforth an irregular grid), the crystal structure of a X-Mn alloy and the crystal structure of a ferromagnetic 
layer in a membrane formation phase (before heat treatment) Since the difference of the lattice constant of a X-Mn 
alloy and the lattice constant of a ferromagnetic layer is enlarged as mentioned above in this invention, the interface 
structure of the X-Mn alloy in a membrane formation phase (before heat treatment) and a ferromagnetic layer will 
be easy to be in a disconformity condition. 

[0043] Thus, although the interface condition of an antiferromagnetism layer and a ferromagnetic layer is changed 
into the disconformity condition by choosing the presentation ratio of Element X proper in this invention when a X- 
Mn alloy (X is Pt, Pd. etc.) is used as an antiferromagnetism layer Furthermore by this invention, it is possible to be 
able to enlarge the lattice constant of an antiferromagnetism layer and to change the interface structure of said 
antiferromagnetism layer and ferromagnetic layer into a disconformity condition by making a X-Mn alloy contain 
element X*. such as rare-gas elements (Ne. Ar, etc.). 

[0044] Moreover, it is desirable to make it the crystal orientation of a X-Mn alloy or an X-Mn-X* alloy, and a 
ferromagnetic layer differ in this invention. The crystal amount of preferred orientation can be changed by terms and 
conditions, such as existence or nonexistence of a substrate layer, and a presentation ratio, power gas pressure at 
the time of spatter membrane formation, or the membranous order of a laminating. 

[0045] Thus, it is because interface structure will stop being able to grow into a disconformity condition easily if for 
example, the {1 1 1 J sides of a ferromagnetic layer carry out priority orientation of making it the crystal orientation of 
a X-Mn alloy or a X-Mn-X' alloy, and a ferromagnetic layer differ in parallel with a film surface and the {111} sides of 
a X-Mn alloy or a X-Mn-X* alloy are carrying out priority orientation in parallel with a film" surface similarly. 
[0046] So, in this invention, when the [111} sides of a ferromagnetic layer are carrying out priority orientation in the 
direction parallel to an interface with a X-Mn alloy or a X-Mn-X- alloy, for example, the amount of preferred - 
orientation of the {111} sides of an X-Mn alloy or a X-Mn-X" alloy is smaller than the amount of preferred 
orientation of said ferromagnetic layer, or it is controlling to fitness so that it may become non— orientation, and 
becomes possible [ maintaining interface structure at a disconformity condition ]. 

[0047] As mentioned above, although an exchange anisotropy field occurs in the interface of a X-Mn alloy or a X- 
Mn-X* alloy, and a ferromagnetic layer by performing heat treatment after carrying out the laminating of a X-Mn 
alloy or a X-Mn-X' alloy, and the ferromagnetic layer so that interface structure may be in a disconformity condition 
The crystal structure of a X-Mn alloy or an X-Mn-X' alloy depends generating of this exchange anisotropy field on 
metamorphosing into the face centred tetragonal lattice decided by the array sequence of X and Mn atom having 
regularity from said irregular phase. 

[0048] In addition, in this invention, said face centred tetragonal lattice is the so-called L10 type of face centred 
tetragonal lattice (henceforth a superiattice) which X atom occupies the core of the 4th page of a side face among 
the 6th page of a unit lattice, and Mn atom occupies at the core of the comer of a unit lattice, a top face, and an 
inferior surface of tongue, and a part of [ at least ] crystal structures of the X-Mn alloy after heat treatment or a 
X-Mn-X' alloy need to serve as said superiattice. 

[0049] As mentioned above, although the crystal structure of a X-Mn alloy or an X-Mn-X' alloy metamorphoses into 
a superiattice from an irregular grid and a switched connection field occurs by heat-treating, as for grid distortion 
produced in the case of this transformation, the direction of a X-Mn alloy or a X-Mn-X' alloy is large compared with 
the NiMn alloy. 
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[0050] In this invention, as mentioned above, the interface structure of the X-Mn alloy before heat treatment or an 
X-Mn-X* alloy, and a ferromagnetic layer changes into a disconformity condition fitness-izing the presentation ratio 
of a X-Mn alloy, or by adding element X* as the 3rd element into a X-Mn alloy. 

[0051] (f the interface structure of an antiferromagnetism layer and a ferromagnetic layer is changed into a 
disconformity condition, by heat-treating, the crystal structure of an X-Mn alloy or a X-Mn-X' alloy will become 
easy to metamorphose into a superiattice from an irregular grid, therefore a big exchange anisotropy field will 
generate it in said interface. In addition. X-Mn alloys (X=Pt Pd, etc.) or X-Mn-X' alloys (X - Ne f Ar, etc.) have the 
property which was excellent in corrosion resistance compared with the FeMn alloy, the NiMn alloy, etc., and was 
excellent compared with the FeMn alloy etc. as an antiferromagnetism ingredient — blocking temperature is also 
high and an exchange anisotropy field (Hex) is still larger. Moreover, it is desirable to choose Pt as the element X 
which constitutes a X-Mn alloy or a X-Mn-X' alloy from this invention. 

[0052] The switched connection film which consists of the antiferromagnetism layer formed with the X-Mn alloy 
explained in full detail above or the X-Mn-X* alloy and a ferromagnetic layer can be applied to a magneto-resistive 
effect component 

[0053] In this invention, the antiferromagnetism layer and fixed magnetic layer of a single spin bulb mold thin film and 
a dual spin bulb mold thin film are formed with said switched connection film, for example as said magneto-resistive 
effect component It is possible to acquire the reproducing characteristics which became possible [ fixing 
magnetization of said fixed magnetic layer in the fixed direction firmly ] by this, and were excellent compared with 
the former. 

[0054] Moreover, when arranging the magnetization direction of the free magnetic layer of for example, a single spin 
bulb mold thin film, or the magneto-resistive effect component layer of the AMR component in the fixed direction 
• ^ with an exchange bias method, an exchange bias layer, a free magnetic layer or an exchange bias layer, and a 
magnetic-reluctance layer may be formed with said switched connection film. It is possible for this to become 
possible to arrange magnetization of said free magnetic layer and a magnetic-reluctance layer with fitness in the 
fixed direction, and to acquire outstanding reproducing characteristics. 
[0055] 

[Embodiment of the Invention] Drawing 1 is the sectional view which looked at the structure of the single spin bulb 
mold thin film of the 1st operation gestalt of this invention from the ABS side side. In addition, drawing 1 fractures 
and shows only the central part of the component prolonged in the direction of X. This single spin bulb mold thin film 
is prepared in the trailing side edge section of the surfacing type slider formed in the hard disk drive unit etc_ and 
detects record fields, such as a hard disk. In addition, the migration direction of magnetic-recording media, such as a 
hard disk, is a Z direction, and the direction of the leak field from a magnetic-recording medium is the direction of Y. 

[0056] The substrate layer 6 formed by non-magnetic materials, such as Ta (tantalum), is formed in the bottom of 
drawing 1 . The laminating of the free magnetic layer 1 , the nonmagnetic conductive layer 2, the fixed magnetic layer 
3, and the antiferromagnetism layer 4 is carried out on this substrate layer 6. And the protective layers 7, such as 
Ta (tantalum), are formed on said antrferromagnetism layer 4. 

[0057] Moreover, as shown in drawing 1 , the hard bias layers 5 and 5 are formed in the both sides of six layers from 
the substrate layer 6 to a protective layer 7, and the laminating of the conductive layers 8 and 8 is carried out on 
said hard bias layers 5 and 5. 

[0056] In this invention, said free magnetic layer 1 and the fixed magnetic layer 3 are formed with a NiFe alloy, a 
SZ$> ^oFe a N°V* Co allov ' Co * a CoNiFe alloy, etc. in addition, although the free magnetic layer 1 comes out further and it 
' s formed as shown in drawing 1 . this may be formed by multilayer structure. That is. the structure where said free 
magnetic layer 1 may have the structure where the laminating of for example, a NiFe alloy and the CoFe alloy was 
earned out and the laminating of a NiFe alloy and the Co was carried out is sufficient 
- [0059] The nonmagnetic-conductive layer 2- which intervenes between said free magnetic layers 1-and fixed- - - - 
magnetic layers 3 is formed by Cu. Furthermore, the hard bias layers 5 and 5 are formed with for example, the Co- 
Pt (cobalt-platinum) alloy, the Co-Cr-Pt (cobalt chrome-platinum) alloy, etc., and conductive layers 8 and 8 are 
formed by Cu (copper). W (tungsten), Cr (chromium), etc. 

[0060] In this invention, the antiferromagnetism layer 4 currently formed on the fixed magnetic layer 3 is formed at 
least with the antiferromagnetism ingredient containing Elements X (however, X is any one sort or two sorts or more 
of elements among Pt Pd. Ir, Rh. Ru, and Os). and Ma 

[0061] In this invention, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 
which are shown in drawing 1 is in the disconformity condition, and a part of [ at least ] crystal structures of said 
antiferromagnetism layer 4 in an interface serve as a face centred tetragonal lattice (henceforth a superiattice) of 
LI 0 mold 

[0062] Here, the face centred tetragonal lattice of L10 mold means what X atom (X=Pt Pd. Ir, Rh, Ru, Os) occupies 
the core of the 4th page of a side face among the 6th page of a unit lattice, and Mn atom occupies at the core of 
the corner of a unit lattice, a top face, and an inferior surface of tongue. 

[0063] Moreover, the interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is 
desirable at the point that ft will tend to be in a disconformity condition in this invention that the crystal orientation 
of the fixed magnetic layer 3 and the antiferromagnetism layer 4 differs. 

[0064] drawing t — being shown — a single — a bulb — a mold — a thin film — **** — Ta — a substrate — a 
layer six — covering — **** — since — said — a substrate — a layer — six — a top — forming — having — 
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free — a magnetic layer — one — nonmagnetic — a conductive layer — two — and — immobilization — a 
magnetic layer — three — { — 1 1 1 — } — a field — a film surface — receiving — being parallel — a direction — 
^priority — orientation — carrying out — **** . 

/ [0065] On the other hand, the {111} sides of the antiferromagnetism layer 4 formed on said fixed magnetic layer 3 
/ are small compared with the amount of preferred orientation of the {111} sides of said fixed magnetic layer 3. or 
V serve as non-orientation. That is, the- crystal orientation near the interface of the fixed magnetic layer 3 and the 
\ antiferromagnetism layer 4 which are shown in drawing 1 is a different thing, therefore the structure in said interface 
\ will be easy to be in a disconformity condition. 

[0066] Although interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 is made into 
the disconformity condition from the phase before heat treatment in this invention, this is because it is made to 
metamorphose into the superiattice which mentioned above the crystal structure of said antiferromagnetism layer 4 
from the irregular grid (face-centered cubic lattice) and a fitness exchange anisotropy field can be acquired by 
heat-treating. If it says and changes and interface structure is in an adjustment condition, even if it heat-treats, the 
crystal structure of said antiferromagnetism layer 4 cannot metamorphose into a superiattice easily from an 
irregular grid, therefore the problem that an exchange anisotropy field is not acquired will arise. 
[0067] In this invention, said antiferromagnetism layer 4 is formed with the X-Mn alloy (however, X is any one sort 
or two sorts or more of elements among Pt Pd. Ir, Rh. Ru. and Os). It is desirable that said antiferromagnetism layer 
4 is especially formed with the PtMn alloy by this invention. The X-Mn alloy, especially the PtMn alloy have the 
property which is excellent in thermal resistance compared with a FeMn alloy, a NiMn alloy, etc. which are used as 
an antiferromagnetism layer from the former, and was excellent as an antiferromagnetism ingredient — blocking 
temperature is also high and an exchange anisotropy field (Hex) is still larger. 

[0068] the ratio of the lattice constants a and c of said antiferromagnetism layer 4 from which a part of [ at least ] 
> crystal structures became a superiattice when said antiferromagnetism layer 4 is formed with the PtMn alloy after 
heat-treating in this invention that is, — as for c/a, it is desirable that it is within the limits of 0.93-0.99. the ratio of 
lattice constants a and c — if c/a becomes 0.93 or less — the crystal structure of said antiferromagnetism layer 4 
— although all serve as a superiattice mostly, if it will be in such a condition, the adhesion of said fixed magnetic 
layer 3 and antiferromagnetism layer 4 fells, and film peeling etc. generates and is not desirable, the ratio of lattice 
constants a and c — it becomes [ the exchange anisotropy field of the crystal structure of said antiferromagnetism 
layer 4 generated in the interface of said antiferromagnetism layer 4 and fixed magnetic layer 3 by all becoming an 
irregular grid mostly ] small and is not desirable if c/a becomes 0.99 or more. 

[0069] By the way, in the phase before heat treatment when said antiferromagnetism layer 4 is formed with a X-Mn 
alloy (however, X is any one sort or two sorts or more of elements among Pt Pd, Ir, Rh, Ru f and Os), in order to 
make interface structure of the fixed magnetic layer 3 and the antiferromagnetism layer 4 into a disconformity 
condition, by this invention, the presentation ratio of said X-Mn alloy is set up in the following numeric value. 
[0070] As moreover shown in drawing 1 , when said antiferromagnetism layer 4 is formed with a X-Mn alloy 
(however, X is any one sort or two sorts or more of elements among Pt Pd, Ir, Rh, Ru, and Os) and said 
antiferromagnetism layer 4 is formed on the fixed magnetic layer 3. the presentation ratio of the element X of a X- 
Mn alloy is at%, and it is desirable that it is within the limits of 47-57. More preferably, the presentation ratio of the 
element X of a X-Mn alloy is at%. and is within the limits of 50-56. 

[0071] rf the antiferromagnetism layer 4 is formed in presentation Hinai mentioned above, the difference of the 
lattice constant of said antiferromagnetism layer 4 of a before [ heat treatment (i.e., the phase where the crystal 
^--^ structure serves as an irregular grid) ], and the lattice constant of the fixed magnetic layer 3 can be enlarged, 

therefore the interface structure of said fixed magnetic layer 3 and antiferromagnetism layer 4 can be maintained at 
a disconformity condition before heat treatment 

[0072] If it heat-treats in this condition, as the exchange anisotropy field occurred and mentioned above by change 
- of the crystal structure of said antiferromagnetism layer 4. the presentation ratio of- the presentation, ratio of the - . 
element X of a X-Mn alloy is at%, and it is possible to acquire the exchange anisotropy field more than 400 (Oe: 
oersted) as it is within the limits of 47-57. Moreover, the presentation ratio of the element X of a X-Mn alloy is at%, 
and it is possible to acquire the exchange anisotropy field more than 600 (Oe) as it is within the limits of 50-56. 
[0073] Thus, when a X-Mn alloy is used as an antiferromagnetism layer 4 in this invention, it is possible to maintain 
the interface structure of said antiferromagnetism layer 4 and fixed magnetic layer 3 before heat treatment at a 
disconformity condition by forming within limits which mentioned the presentation ratio of Element X above. 
Moreover, it is possible by adding element X' as the 3rd element into a X-Mn alloy in this invention to be able to 
enlarge the lattice constant of the antiferromagnetism layer 4 and to change the interface structure of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 before heat treatment into a disconformity condition. 
[0074] The X-Mn-X* alloy which added element X' to the X-Mn alloy is the interstitial solid solution by which 
element X' trespassed upon the clearance between the space lattices which consist of elements X and Mn, or a part 
of lattice point of the crystal lattice which consists of elements X and Mn is the substitution solid solution permuted 
by element X*. The solid solution was crossed to the large presentation range, and has pointed out the thing of the 
solid-state with which the component was mixed with homogeneity here. In addition, as for Element X, in this 
invention, it is desirable that it is Pt 

[0075] By the way, in this invention, said X-Mn-X' alloy is formed by the spatter. Said X-Mn-X* alloy is formed by 
non-equilibrium by the spatter, and a part of lattice point of the crystal lattice which the formed X-Mn-X" alloy 
trespasses upon the clearance between space lattices where element X' in the film consists of elements X and Ma 
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or consists of elements X and Mn is permuted by element X* by it thus, said element X is an invasion mold at the 
grid of a X-Mn alloy — it is — by dissolving with a permutation mold, a grid can be extended and the lattice 
constant of the antiferromagnetism layer 4 becomes large compared with the case where element X* is not added. 
[0076] Moreover, although it is possible to use various elements as element X* in this invention, if a reactant high 
halogen, O (oxygen), etc. are used, these carry out a chemical bond only to Mn alternatively, are considered with it 
becoming impossible to maintain the crystal structure of a face-centered cubic, and are not desirable. Concrete 
element X* in this invention Ne. Ar, Kr. Xe, Be, B, C, N, Mg. aluminum. Si, P, Ti, V, Cr. Fe, Co, nickel, Cu. Zn, Ga, 
germanium, Zr. Nb, Mo, Ag, Cd, Ir, Sn t Hf, Ta, W, Re, Au, Pb, And they are one sort or two sorts or more of elements 
among rare earth elements (Sc. Y. and lanthanoids (La, Ce. Pr, Nd. Pm, Sm, Eu. Gd, Tb, Dy, Ho, Er. Tm. Yb, Lu)). 
[0077] If the presentation ratio of said element X' becomes large too much when using element X' which dissolves 
especially with a permutation mold although the lattice constant of the antiferromagnetism layer 4 can be enlarged 
by the spatter even if it uses any of various element X* which showed above, the property as antiferromagnetism will 
fall and the switched connection field generated in an interface with the fixed magnetic layer 3 will become small. 
[0078] By this invention, it especially dissolves with an invasion mold, and it is supposed that it is desirable to use 
the rare-gas element (one sort or two sorts or more among Ne. Ar, Kr, and Xe) of inert gas as element X*. It is gas 
by which it is not greatly affected in an antiferromagnetism property even if a rare-gas element contains in the film, 
since a rare-gas element is inert gas, and Ar etc. is further introduced in the sputtering system from the former as 
sputtering gas. and is only adjusting gas pressure and spatter particle energy proper, and Ar can be made to invade 
into the film easily. 

[0079] In addition, although it is difficult to contain a lot of element X' in the film when the element of a gas system 
is used for element X\ in the case of rare gas, minute amount invasion is only carried out into the film, and it is 
. 'y ( checked by experiment that the switched connection field generated by heat treatment can be enlarged by leaps 
, y and bounds. 

[0080] In addition, in this invention, the range of the presentation ratio of element X* is set up, and the desirable 
presentation range of said element X' is 0.2 to 10 at at%, is at% more preferably, and is 0.5 to 5. Moreover, as for 
X:Mn. it is comparatively desirable at this time that it is [ of a presentation ratio with Elements X and Mn ] within 
the limits of 4:6-6:4. It is possible to enlarge the switched connection field generated in the interface of the 
antiferromagnetism layer 4 and the fixed magnetic layer 3 by being able to enlarge the lattice constant of the 
antiferromagnetism layer 4 in a membrane formation phase (before heat treatment) if it is within the limits and X:Mn 
is adjusted [ above-mentioned ] comparatively of the presentation ratio of element X* and a presentation ratio with 
Elements X and Mn, and moreover heat-treating compared with the case where element X' is not contained. 
[0081] Furthermore at this invention, it is a X-Mn—X* alloy (however, X). They are any one sort or two sorts or more 
of elements among Pt, Pd, Ir, Rh, Ru. and Os. X* Ne. Ar, Kr. Xe, Be, B. C, N. Mg, aluminum. Si. P. Ti. V. Cr, Fe. Co, 
nickel, Cu, Zn, Ga germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, As shown in drawing 1 , when the 
formed antiferromagnetism layer 4 is formed on the fixed magnetic layer 3, the presentation ratio of X+X' of said X- 
Mn-X* alloy is at%. and the inside of rare earth elements — one sort or two sorts or more of elements — it is — It 
is desirable that it is within the limits of 47-57. and more preferably, the presentation ratio of X+X' of a X-Mn-X* 
alloy is at%, and is within the limits of 50-56. 

[0082] the direction of Y which shows magnetization of said fixed magnetic layer 3 to drawing 1 by the switched 
connection field generated in the interface of the antiferromagnetism layer 4 and the fixed magnetic layer 3 by heat- 
treating — a single domain — it is-izing and fixed, in addition, when element X' of the X-Mn-X* alloy used as an 
^ x antiferromagnetism layer 4 is the element of for example, a gas system Although the presentation ratio of element 
$t0 X' after heat treatment becomes small, or said X' may slip out out of the film completely and a presentation may 
become X-Mn from the presentation ratio of element X* in the phase which said element X' fell out out of the film, 
came out and was formed by heat-treating If the interface structure of the fixed magnetic layer 3 and the 
antiferromagnetism layer 4 in a membrane formation phase (before heat treatment) is in the disconformity condition, 
by heat-treating the crystal structure of said antiferromagnetism layer 4 It is possible to metamorphose into a 
superlattice from an irregular grid (face-centered cubic lattice) at fitness, and to acquire a large exchange 
anisotropy field. Moreover, the free magnetic layer 1 is arranged in the direction of illustration X by the hard bias 
layers 5 and 5 currently formed in the both sides. 

[0083] In the single spin bulb mold thin film shown in drawing 1 , if the stationary current (sense current) is given to 
the free magnetic layer 1. the nonmagnetic conductive layer 2. and the fixed magnetic layer 3 from a conductive 
layer 8 and a field is moreover given in the direction of Y from a record medium, the magnetization direction of the 
free magnetic layer 1 will change from X towards the direction of Y. At this time, a lifting and electric resistance 
change [ conduction electron ] dispersion by the interface of the nonmagnetic conductive layer 2 and the fixed 
magnetic layer 3, or the interface of the nonmagnetic conductive layer 2 and the free magnetic layer 1 . Therefore, 
an electrical potential difference can change and a detection output can be obtained. 

[0084] Drawing 2 is the sectional view showing the structure of the single spin bulb mold thin film of the 2nd 
operation gestaJt of this invention. As shown in drawing 2 , the laminating of the substrate layer 6. the 
antiferromagnetism layer 4, the fixed magnetic layer 3, the nonmagnetic conductive layer 2, and the free magnetic 
layer 1 is continuously earned out from the bottom. In addition, the antiferromagnetism layer 4 shown in drawing 2 is 
a X-Mn alloy (however, X) like the antiferromagnetism layer 4 shown in drawing^ . they are any one sort or two 
sorts or more of elements among Pt. Pd. Ir. Rh. Ru, and Os — desirable — a PtMn alloy or a X-Mn-X* alloy 
(however, X) Ne, Ar, Kr, Xe. Be, B, C, N, Mg, aluminum, Si. P, Ti, V, Cr, Fe, Co, nickel. Cu. Zn. Ga. germanium, Zr, Nb. 
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Mo, Ag, Cd, Ir, Sn, Hf, Ta t W, Re, Au. Pb, and the inside of rare earth elements — one sort or two sorts or more of 
elements — it is — it is formed In addition, the fixed magnetic layer 3, the nonmagnetic conductive layer 2. and the 
free magnetic layer 1 are formed with the quality of the material explained by drawing I . 

[0085] Also in this example, the interface structure of the fixed magnetic layer 3 and the antiferro magnetism layer 4 
is in the disconformity condition, and a part of [ at least ] crystal structures of said antiferromagnetism layer 4 in an 
interface serve as a face centred tetragonal lattice (henceforth a superlattice) of LIO mold. 
[0086] Moreover, although priority orientation of the {111} sides of said antiferromagnetism layer 4 formed on the 
substrate layer 6 of Ta is carried out in the direction parallel to an interface If the fixed magnetic layer 3 is formed 
on said antiferromagnetism layer 4 as shown in drawing 2 . the amount of preferred orientation to the direction of an 
interface of the (111) sides of said fixed magnetic layer 3 will be smaller than the amount of preferred orientation of 
said antiferromagnetism layer 4, or will tend to become [ tend ] non-orientation. Thus, in drawing 2 , it is possible for 
the crystal orientation of said antiferromagnetism layer 4 and fixed magnetic layer 3 in an interface to differ, 
therefore to make interface structure into a disconformity condition more. 

[0087] By the way, the antiferromagnetism layer 4 is a X-Mn alloy (however. X). the inside of Pt, Pd. Ir. Rh Ru. and 
Os — any one sort or two sorts or more of elements — it is, as it is formed and is shown in drawing 2 When the 
antiferromagnetism layer 4 is formed in the bottom of the fixed magnetic layer 3, the presentation ratio of the 
element X of the X-Mn alloy which constitutes the antiferromagnetism layer 4 is at%, and it is desirable that it is 
within the limits of 44-57. If it is this within the limits, it is possible to acquire the exchange anisotropy field more 
than 400 (Oe). More preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the 
limits of 46-55. If it is this within the limits, it is possible to acquire the exchange anisotropy field more than 600 
(Oe). 

. [0088] Thus, it is because that an exchange anisotropy field can be greatly carried out to it being presentation 
1 within the limits mentioned above can enlarge the difference of the lattice constant (irregular grid) of the 
antiferromagnetism layer 4 before heat treatment, and the lattice constant of the fixed magnetic layer 3 and 
interface structure before heat treatment can be made into a disconformity condition. Therefore, by heat-treating, it 
becomes possible to make a part of [ at least ] crystal structures of said antiferromagnetism layer 4 in an interface 
metamorphose into a superlattice required in order to demonstrate an exchange anisotropy field from an irregular 
grid. 

[0089] Moreover, said antiferromagnetism layer 4 is a X-Mn-X* alloy (however, X'). Ne, Ar. Kr, Xe, Be, B, C, N. Mg. 
aluminum. Si, P, Ti, V, Cr, Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, 1Mb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au f Pb, and 
the inside of rare earth elements — one sort or two sorts or more of elements — it is — said X-Mn— X' alloy, when 
formed A part of lattice point of the crystal lattice which is formed of a spatter, and serves as an interstitial solid 
solution by which element X' trespassed upon the clearance between the space lattices which consist of elements X 
and Mn, or consists of elements X and Mn serves as a substitution solid solution permuted by element X'. 
[0090] The lattice constant of the antiferromagnetism layer 4 which contains element X' in the film becomes large 
compared with the lattice constant of the antiferromagnetism layer 4 which does not contain said element X*, and 
can maintain the interface structure of the antiferromagnetism layer 4 and the fixed magnetic layer 3 in a membrane 
formation phase (before heat treatment) at a disconformity condition. 

[0091] In addition, by this invention, the presentation ratio of element X' occupied in the film is made into within the 
limits of 0.2-10 at at%, and the more desirable presentation range is made into within the limits of 0.5-5 at at%. 
Moreover, it is said presentation within the limits, element X* is formed, and the thing of a presentation ratio with 
Elements X and Mn within the limits of 4:6-6:4, then a larger switched connection field are acquired [ a thing ] for 
r T? X:Mn is still more possible comparatively. 

[0092] Moreover, as shown in drawing 2 , when the antiferromagnetism layer 4 formed with the X-Mn-X' alloy is 
formed in the fixed magnetic layer 3 bottom in this invention, the presentation ratio of X+X' of a X-Mn-X* alloy is 
at%, and it is desirable that it is within the limits of 44-57. More preferably, the presentation ratio of X+X* of a X- 
Mn-X' alloy is at%. and is within the limits of 46-55. 

[0093] in addition, the exchange anisotropy field which generates magnetization of the fixed magnetic layer 3 shown 
in drawing 2 in an interface with the antiferromagnetism layer 4 — the direction of illustration Y — a single domain - 
- it is-izing and fixed. 

[0094] As shown in drawing 2 . on the free magnetic layer 1 , spacing of the width of recording track Tw is vacated, 
and the exchange bias layer 9 (antiferromagnetism layer) is formed. In addition, this exchange bias layer 9 is a X-Mn 
alloy (however. X). they are any one sort or two sorts or more of elements among Pt, Pd, Ir, Rh, Ru, and Os — 
desirable — a PtMn alloy or a X-Mn-X' alloy (however. X*) Ne, Ar, Kr, Xe, Be. B, C. N, Mg, aluminum. Si, P. Ti, V. Cr, 
Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir. Sn, Hf, Ta. W. Re, Au, Pb, and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — it is formed 

[0095] The presentation ratio of the element X of a X-Mn alloy is at%. and has become within the limits of 47-57. 
More preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is within the limits of 50-56. In 
addition, this presentation range is the same as the presentation range of the antiferromagnetism layer 4 explained 
by drawin g 1 . Moreover, in the case of a X-Mn-X* alloy, the presentation ratio of element X' is at% and it is within 
the limits of 0.2-10, and the more desirable presentation range is at% and is within the limits of 0.5-5. Moreover, as 
for X:Mn. it is comparatively desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits 
of 4:6-6:4. Furthermore, it is desirable to have become within the limits of 47-57. more preferably, the presentation 
ratio of X+X' of a X-Mn-X* alloy is at%, and it is [ the presentation ratio of X+X* of a X-Mn-X* alloy is at% and ] 
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within the limits of 50-56. 

[0096] Although the interface structure of the free magnetic layer 1 and the exchange bias layer 9 will be in a 
disconformity condition for it to be presentation within the limits mentioned above and the exchange anisotropy field 
more than 400 (Oe) can be acquired in an interface at least As shown in drawing 2 . said exchange bias layers 9 and 
9 Since it is not formed in the width-of-recording-track Tw part, it is strongly influenced by the amount of [ of the 
free magnetic layer 1 ] both ends of an exchange anisotropy field, and is single-domain-ized in the direction of 
illustration X, and magnetization of the width-of-recording-track Tw field of the free magnetic layer 1 is arranged 
with extent which reacts to an external magnetic field in the direction of illustration X at fitness. 
[0097] Thus, in the formed single spin bulb mold thin film, magnetization of the width-of-recording-track Tw field of 
the free magnetic layer 1 changes with the external magnetic fields of the direction of illustration Y in the direction 
of illustration Y from illustration X. Electric resistance changes by the relation between fluctuation of the direction 
of magnetization within this free magnetic layer 1, and the fixed magnetization direction (the direction of illustration 
Y) of the fixed magnetic layer 3, and the leak field from a record medium is detected by the electrical-potential- 
difference change based on this electric resistance value change. 

[0098] Drawing 3 is the sectional view showing the structure of the dual spin bulb mold thin film of the 3rd operation 
gestatt of this invention. As shown and shown in drawing, the laminating of the substrate layer 6. the 
antiferromagnetism layer 4, the fixed magnetic layer 3, the nonmagnetic conductive layer 2. and the free magnetic 
layer 1 is continuously carried out from the bottom. Furthermore on said free magnetic layer 1 , the laminating of the 
nonmagnetic conductive layer 2, the fixed magnetic layer 3, the antiferromagnetism layer 4, and the protective layer 
7 is carried out continuously. Moreover, the laminating of the hard bias layers 5 and 5 and the conductive layers 8 
and 8 is carried out to the both sides of the multilayers from the substrate layer 6 to a protective layer 7. In 
addition, each class is formed with the same quality of the material as the quality of the material explained by 
' drawing 1 and drawing 2 . 

[0099] As shown in drawing 3 , the antiferromagnetism layer 4 currently formed below the free magnetic layer 1 The 
presentation ratio of the element X of the X-Mn alloy which constitutes said antiferromagnetism layer 4 is at% like 
[ since it is formed in the bottom of the fixed magnetic layer 3 ] the antiferromagnetism layer 4 shown in drawing 2 . 
It is desirable that it is within the limits of 44-57, and more preferably, the presentation ratio of the element X of a 
X-Mn alloy is at%. and is within the limits of 46-55. 

[0100] Moreover, the antiferromagnetism layer 4 currently formed above the free magnetic layer 1 The presentation 
ratio of the element X of the X-Mn alloy which constitutes said antiferromagnetism layer 4 is at% like [ since it is 
formed on the fixed magnetic layer 3 ] the antiferromagnetism layer 4 shown in drawing I . It is desirable that it is 
within the limits of 47-57. and more preferably, the presentation ratio of the element X of a X-Mn alloy is at%, and is 
within the limits of 50-56. 

[0101] If it is this presentation within the limits, since the difference of the lattice constant of the fixed magnetic 
layer 3 and the lattice constant of the antiferromagnetism layer 4 before heat treatment can be enlarged, it is 
possible by being able to change the interface structure before heat treatment into a disconformity condition, 
therefore heat-treating to make a part of crystal structures of said antiferromagnetism layer 4 in an interface 
metamorphose into a supeiiattice required to demonstrate an exchange anisotropy field from an irregular grid, in 
addition, the ratio of the lattice constants a and c of said antiferromagnetism layer 4 after heat treatment when said 
antiferromagnetism layer 4 is formed with a PtMn alloy — as for c/a, it is desirable that it is within the limits of. 
0.93-0.99. Moreover, since the crystal orientation of the antiferromagnetism layer 4 and the fixed magnetic layer 3 
also differs, it is possible to change interface structure into a disconformity condition more. 
} [0102] if it comes out in the presentation range mentioned above, it is possible to acquire the exchange anisotropy 
field more than at least 400 (Oe), but it is more possible to make large the range of the presentation ratio of the 
element X of a X-Mn alloy a little rather than the direction which forms the antiferromagnetism layer 4 in the 
bottom of the fixed magnetic layer 3 forms on the fixed magnetic layer 3 

[0103] Moreover, when the antiferromagnetism layer 4 is formed with a X-Mn-X' alloy, the presentation ratio of 
element X* is at% and it is within the limits of 0.2-10, and the more desirable presentation range is at% and is within 
the limits of 0.5-5. Moreover, as for X:Mn, it is comparatively desirable that it is [ of a presentation ratio with 
Elements X and Mn ) within the limits of 4:6-6:4. 

[0104] In the case of the antiferromagnetism layer 4 currently furthermore formed below the free magnetic layer 1, 
it is desirable that the presentation ratio of X+X' of the X-Mn-X' alloy which constitutes said antiferromagnetism 
layer 4 is at%, and it is within the limits of 44-57, and more preferably, the presentation ratio of X+X' of a X-Mn-X' 
alloy is at%, and is within the limits of 46-55. 

[0105] Moreover, in the case of the antiferromagnetism layer 4 currently formed above the free magnetic layer 1, it 
is desirable that the presentation ratio of X+X' of the X-Mn-X' alloy which constitutes said antiferromagnetism layer 
4 is at%, and it is within the limits of 47-57, and more preferably, the presentation ratio of X+X' of a X-Mn—X' alloy is 
at%. and is within the limits of 50-56. 

[0106] If it is above-mentioned presentation within the limits, it is possible by being able to enlarge the difference of 
the lattice constant of the fixed magnetic layer 3 and the lattice constant of the antiferromagnetism layer 4 before 
heat treatment and being able to change the interface structure before heat treatment into a disconformity 
condition, therefore heat-treating to make a part of crystal structures of said antiferromagnetism layer 4 in an 
interface metamorphose into a supeiiattice required to demonstrate an exchange anisotropy field from an irregular 
grid. 
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[0107] in addition, the single spin bulb mold thin film which also shows this dual spin bulb mold thin film to drawin g 1 
— the same — the fixed magnetic layer 3 — an exchange anisotropy field — the direction of illustration Y — a 
single domain — are-izing. and it is fixed and magnetization of the free magnetic layer 1 is arranged in the direction 
of illustration X in response to the effect of the hard bias layers 5 and 5. 

[0108] If the stationary current is given to the free magnetic layer 1, the nonmagnetic conductive layer 2, and the 
fixed magnetic layer 3 from a conductive layer 8 and a field is moreover given in the direction of Y from a record 
medium When magnetization of the free magnetic layer 1 is changed in the direction of Y from illustration X and 
dispersion of the conduction electron for which it depended on spin by the interface of the nonmagnetic conductive 
layer 2 and the free magnetic layer 1 and the interface of the nonmagnetic conductive layer 2 and the fixed 
magnetic layer 3 at this time takes place Electric resistance changes and the leakage field from a record medium is 
detected. 

[0109] in addition, in the single spin bulb mold thin film shown in drawing 1 and drawing 2 The location from which 
dispersion of the electron depending on spin is started The interface of the nonmagnetic conductive layer 2 and the 
free magnetic layer 1 , and by the dual spin bulb mold thin film shown in drawing 3 , to being two places of the 
interface of the nonmagnetic conductive layer 2 and the fixed magnetic layer 3 Since the location where dispersion 
of conduction electron takes place is a total of four places of two interfaces of the nonmagnetic conductive layer 2 
and the free magnetic layer 1 , and two interfaces of the nonmagnetic conductive layer 2 and the fixed magnetic 
layer 3, The direction of a dual spin bulb mold thin film is able to obtain large resistance rate of change compared 
with a single spin bulb mold thin film. 

[01 10] Drawing 4 is the sectional view showing the structure of the AMR mold thin film of the 4th operation gestatt 
of this invention. As shown in drawing, the laminating of the soft magnetism layer (SAL layer) 10, a non-magnetic 
•v layer (SHUNT layer) 11, and the magnetic-reluctance layer (MR layer) 12 is continuously carried out from the 
- ' bottom. For example, said soft magnetism layer 1 0 is formed with a Fe-nickel-Nb alloy, and the non-magnetic layer 

Y 11 is formed for Ta film and the magnetic-reluctance layer 12 with the NiFe alloy. 

[01 1 1] On said magnetic-reluctance layer 12, the exchange bias layers (antiferromagnetism layer) 9 and 9 are 
formed in the part of the direction both sides of X which opened the width of recording track Tw. and the 
conductive layers 13 and 13 formed by Cr film etc. are further formed on said exchange bias layers 9 and 9. 
1 [01 12] the exchange bias layers 9 and 9 which show the exchange bias layers 9 and 9 shown in drawing 4 to drawing 
VJ? — the same — a X-Mn alloy — it is preferably formed with the PtMn alloy, and the presentation ratio of the 
element X of an X-Mn alloy is at%, and has become within the limits of 47-57. More preferably, the presentation 
ratio of the element X of a X-Mn alloy is at%. and is within the limits of 50-56. 

[01 13] Moreover, said exchange bias layers 9 and 9 a X-Mn-X* alloy (it Au(s) and Pb(s) however, X* — Ne, Ar, Kr, 
Xe, Be. B, C, N, Mg. aluminum. Si. P. Ti, V, Cr, Fe, Co. nickel. Cu. Zn, Ga. germanium, Zr, Nb, Mo, Ag. Cd. Ir. Sn. Hf, 
Ta. W, and Re — ) and the inside of rare earth elements — one sort or two sorts or more of elements — it is — it is 
formed, and the presentation ratio of element X* is at%, and it is within the limits of 0.2-10, and it is [ the more 
desirable presentation range is at% and ] within the limits of 0.5-5. Moreover, as for X:Mn, it is comparatively 
desirable that it is [ of a presentation ratio with Elements X and Mn ] within the limits of 4:6-6:4. Moreover, like the 
exchange bias layers 9 and 9 shown in drawing 2 , the presentation ratio of X+X* of a X-Mn-X' alloy is at%, and the 
exchange bias layers 9 and 9 shown in drawing 4 have become within the limits of 47-57. More preferably, the 
presentation ratio of X+X* of a X-Mn-X* aOoy is at36, and is within the limits of 50-56. 

[01 14] If it forms within limits which mentioned the presentation ratio of an X-Mn alloy or an X-Mn-X' alloy above 
, v By heat-treating by the interface structure of said exchange bias layers 9 and 9 and magnetic-reluctance layer 12 

V being in a disconformity condition When the thickness of the magnetic-reluctance layer 1 2 of a NiFe. alloy is 200- 
300A The exchange anisotropy field of about 40-110 (Oe) is acquired in said interface, and it divides. The thickness 
of the magnetic-reluctance layer of a NiFe alloy in the case of about 200A The exchange anisotropy field of about 
60—110 (Oe) is acquired and area B of the magnetic-reluctance layer 12 shown in drawing 4 is singJe-domain-ized 
in the direction of illustration X. And it is induced by this and magnetization of the area A of said magnetic- 
reluctance layer 12 is arranged in the direction of illustration X. Moreover, the current field generated in case a 
detection current flows the magnetic-reluctance layer 12 is impressed to the soft magnetism layer 10 in the 
direction of Y, and a horizontal bias field is given to the area A of the magnetic-reluctance layer 1 2 in the direction 
of Y by the magnetostatic binding energy which the soft magnetism layer 1 0 brings about. By giving this horizontal 
bias layer to the area A of the magnetic-reluctance layer 12 singJe-domain-ized in the direction of X, the resistance 
change (magneto-resistive-effect property: the H-R effectiveness property) to field change of the area A of the 
magnetic-reluctance layer 12 is set as the condition of having linearity. The migration direction of a record medium 
is a Z direction, if a leakage field is given in the direction of illustration Y. the resistance of the area A of the 
magnetic-reluctance layer 12 will change, and this will be detected as electrical-potential-difference change. 

[01 15] As explained in full detail above, at this invention, it is a X-Mn alloy (however, X) about the 
antiferromagnetism layer 4 (or exchange bias layer 9). In case [ which are any one sort or two sorts or more of 
elements among Pt. Pd, Ir, Rn, Ru, and Os ] it forms with a PtMn alloy preferably, by adjusting the presentation ratio 
of said antiferromagnetism layer 4 to fitness It is possible to be able to make into a disconformity condition 
interface structure of said antiferromagnetism layer 4 and the fixed magnetic layer 3 (or the free magnetic layer 1 or 
the magnetic-reluctance layer 12) formed in contact with this antiferromagnetism layer 4, therefore to be able to 
acquire a bigger exchange anisotropy field, and to raise reproducing characteristics compared with the former. Or it 
is said antiferromagnetism layer 4 (or exchange bias layer 9) as the 3rd element in addition to Elements X and Mn 
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Element X* (however, X*) Ne, Ar, Kr, Xe. Be, B, C, N, Mg. aluminum. Si, P, Ti, V, Cr. Fe, Co, nickel. Cu. Zn, Ga, 
germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn. Hf, Ta, W. Re. Au. Pb, and the inside of rare earth elements — one sort or two 
sorts or more of elements — it is, since the lattice constant of the antrferromagnettsm layer 4 can be enlarged 
compared with the case where said element X' is not added by adding Interface structure of said antiferromagnetism 
layer 4 and the fixed magnetic layer 3 (or the free magnetic layer 1 or the magnetic-reluctance layer 12) formed in 
contact with this antiferromagnetism layer 4 can be made into a disconformity condition. Therefore, a bigger 
exchange anisotropy field can be acquired and it is possible to raise reproducing characteristics compared with the 
former. Moreover, it is desirable to make the crystal orientation of the antiferromagnetism layer 4 and the fixed 
magnetic layer 3 differ at the point which interface structure can be made easier to change into a disconformity 
condition. 

[01 16] Moreover, although it is because the crystal structure of said antiferromagnetism layer 4 can be made to 
metamorphose into a supeiiattice from an irregular grid when it heat-treats that an exchange anisotropy field can be 
acquired by what interface structure is made into the disconformity condition for, since a problem will arise in 
adhesion etc. if all the crystal structures metamorphose into a supeiiattice, it is desirable that only a part of crystal 
structures are metamorphosing into the supeiiattice. for example, the ratio of the lattice constants a and c of said 
antiferromagnetism layer 4 after heat treatment when said antiferromagnetism layer 4 is formed with a PtMn alloy - 
- it is desirable that c/a is within the limits of 0.93-0.99 (the case where all the crystal structures incidentally carry 
out a variant to a supeiiattice — the ratio of said lattice constants a and c — c/a is 0.918). 
[01 1 7] In addition, in this invention, it does not limit to the structure which shows the structure of a magneto- 
resistive effect component layer in drawing 1 — drawing 4 . For example, without forming the hard bias layers 5 and 5 
in the case of the single spin bulb mold thin film shown in drawing 1 Without forming the exchange bias layers 9 and 
9 in the case of the single spin bulb mold thin film which may vacate spacing of the width of recording track Tw for 
the free magnetic layer 1 bottom, may form an exchange bias- layer, and is shown in drawing 2 the both sides of six 
layers from the substrate layer 6 to a protective layer 7 — or a hard bias layer may be formed in the both sides of 
the free magnetic layer 1 at least 

[0118] Drawing 5 is the sectional view in which the magneto-resistive effect component layer shown in drawing 4 
from drawing 1 was formed and which read and looked at the structure of a head from the opposed face side with a 
record medium. A sign 20 is the lower shielding layer formed for example, with the NiFe alloy etc., and the lower gap 
layer 21 is formed on this lower shielding layer 20. Moreover, on the lower gap layer 21, the magneto-resistive effect 
component layer 22 shown in drawin g 4 is formed from drawing 1 , further, the up gap layer 23 is formed on said 
magneto-resistive effect component layer 22, and the up shielding layer 24 formed with the NiFe alloy etc. is formed 
on said up gap layer 23. 

[01 19] Said lower gap layer 21 and the up gap layer 23 are formed of insulating materials, such as Si02 and 
aluminum 203 (alumina). As shown in drawing 5 . the die length from the lower gap layer 21 to the up gap layer 23 is 
gap length Gl, and it can respond to high recording density— ization, so that this gap length Gl is small. 
[0120] 

[Example] In this invention, the multilayers which consist of the film configuration shown below first were formed, 
and it investigated about the relation between the amount of Pt(s) of one element which constitutes an 
antiferromagnetism layer, and the lattice constant of said antiferromagnetism layer. As a film configuration, they are 
Si substrate / alumina / substrate layerTa (100) / fixed magnetic layerNiFe (300) / antiferromagnetism layer from 
the bottom :P The laminating was earned out in the order of tMn (300)/Ta (100). In addition, the numeric value in 
the above-mentioned parenthesis expresses thickness, and a unit is angstrom. An experiment is the phase which 
does not heat-treat and asked for the relation between the amount of Pt(s), and the lattice constant of an 
antiferromagnetism layer from the peak location of a diffraction pattern by the theta / the 2theta method of an X 
diffraction. 

[01 21 ].It turns out that the lattice constant of an antiferromagnetism layer (PtMn) is large as are shown in drawing 6 
and the amount of Pt(s) increases. Moreover, as shown in drawing, the range of the NiFe alloy which constitutes a 
fixed magnetic layer, a CoFe alloy, or the lattice constant of Co is about 3.5 to 3.6. 

[0122] Next, membranes were formed by the DC magnetron sputtering method, and two multilayers in which the 
antiferromagnetism layer was formed to the bottom of a fixed magnetic layer or a top were investigated about the 
relation of the amount of Pt(s) (one element which constitutes an antiferromagnetism layer) and an exchange 
anisotropy field after heat-treating. The experimental result is shown in drawing 7 . 

[0123] An antiferromagnetism layer as a film configuration currently formed in the bottom of a fixed magnetic layer 
Si substrate / alumina / substrate layer [ from the bottom ]: — Ta(50) / antiferromagnetism layer :P A laminating is 
carried out in the order of Ta (100). tMn (300) / fixed magnetic layer — Co90Fe10 (30) / protective layer — Said 
antiferromagnetism layer carried out the laminating from the bottom as a film configuration currently formed on the 
fixed magnetic layer in the order of Si substrate / alumina / Ta(50) / fixed magnetic layer.Co90Fe10 (30) / 
antiferromagnetism layer (300) / protective layer Ta (100). In addition, the numeric value in the above-mentioned 
parenthesis expresses thickness, and a unit is angstrom. 

[0124] As conditions in a heat treatment process, 3 hours was first spent on the temperature up, then the 
temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent on the temperature fall 
again. In addition, the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 

[0125] as shown in drawing 7 , when [ and ] an antiferromagnetism layer (PtMn alloy) is in the fixed magnetic layer 
bottom, and when [ both ] it is in the bottom, the amount of Pt(s) becomes large to about 50 at(s)% — alike — 
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following — an exchange anisotropy field — high — becoming — the amount of Pt(s) — about 50 — when it 
becomes more than at%, it turns out that the exchange anisotropy field is becoming small gradually. 
[01 26] In order to acquire the exchange anisotropy field more than 400 (Oe). when an antiferromagnetism layer 
(PtMn) is formed in the fixed magnetic layer bottom and an antiferromagnetism layer (PtMn) is formed in the fixed 
magnetic layer bottom for the amount of Pt(s) by 44 - 57at% of within the limits, it turns out that what is necessary 
is just to adjust the amount of Pt(s) to fitness by 47 - 57at% of within the limits. 

[0127] Moreover, in order to acquire the exchange anisotropy field more than 600 (Oe), when an antiferromagnetism 
layer (PtMn) is formed in the fixed magnetic layer bottom and an antiferromagnetism layer (PtMn) is formed in the 
fixed magnetic layer bottom for the amount of Pt(s) by 46 - 55at% of within the limits, it turns out that what is 
necessary is just to adjust the amount of Pt(s) to fitness by 50 - 56at% of within the limits. 

[01 28] From the above experimental result four kinds of multilayers were formed as an example which adjusted the 
presentation ratio of an antiferromagnetism layer (PtMn) to fitness, one kind of multilayers were formed as an 
example of a comparison, and it investigated about a stacking tendency, an exchange anisotropy field, etc. of each 
film. The experimental result is shown in Table 1 . 



[01 29] 
[Table 1] 
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The multilayers to example are single spin bulb mold thin films, and the multilayers of example ** are dual 

spin bulb mold thin films. Moreover, the multilayers of example of comparison ** are the same film configurations as 
the multilayers of example **, and only the presentation ratios of an antiferromagnetism layer (PtMn) differ. 
[0130] Moreover, although the laminating of Co-Fe and nicker-Fe is carried out to the multilayers of example ** on 
Cu (nonmagnetic conductive layer), the free magnetic layer consists of two-layer [ this ]. Although the laminating of 
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nickel-Fe and Co-Fe is similarly carried out to the multilayers of example ** under Cu (nonmagnetic conductive 
layer), the free magnetic layer consists of two-layer [ this ]. Moreover, although the laminating of Co-Fe, nickel-Fe, 
and Co-Fe is carried out to the multilayers of example ** between two Cu(s) (nonmagnetic conductive layer), the 
free magnetic layer consists of these three layers. 

[0131] as shown in Table 1, in the multilayers to example **-**, the lattice matching in the interface of PtMn 
(ajTtfferromagnetism layer) and CoFe (fixed magnetic layer) "is nothing'' — receiving — the multilayers of example 
of comparison ** — the lattice matching in an interface — " — it is — " — it has become. Moreover, if the column 
of "whenever [ regulation-ized / of PtMn after 240 degree-C heat treatment ]" is seen, by the multilayers of 
example of comparison **, it is "x" to being "O" in the multilayers of example ** - **. 

[0132] Furthermore, when the column of an "exchange anisotropy field" and "resistance rate of change" is seen, in 
the multilayers to example it turns out to having a large exchange anisotropy field and resistance rate of 

change that the exchange anisotropy field and resistance rate of change of multilayers of example of comparison ** 
are very small compared with the multilayers of example ** - **. 

[0133] The above experimental result is related to the presentation ratio of a PtMn alloy. As shown in Table 1, the 
amount of Pt(s) of PtMn to example is 49 - 51at% to the amount of Pt(s) of PtMn in example of comparison 

** being 44at(s)%. 

[0134] For this reason, when drawin g 6 (before heat treatment) is referred to, it turns out that the lattice constant 
of PtMn of example of comparison ** is smaller than the lattice constant of PtMn to example and the 

difference of the lattice constant of PtMn (antiferromagnetism layer) and the lattice constant of Co-Fe (fixed 
magnetic layer) is [ the direction of example of comparison ** ] small compared with example ** - **. 
[0135] That is, in the multilayers of example of comparison **, the interface structure of PtMn and CoFe will tend to 
be in an ac|justment condition, and, on the other hand, the interface structure of PtMn and CoFe will be easy to be 
J in a disconformity condition in the phase before heat treatment by the multilayers to example 

[0136] Before heat treatment, although the crystal structure of PtMn of example and example of comparison 

** serves as an irregular grid (face— centered cubic lattice), even if it heat-treats, the crystal structure of PtMn 
cannot metamorphose into a supeiiattice from an irregular grid, but regulation-ization is in the condition of not 
progressing at all, by example of comparison ** from which interface structure is in the adjustment condition. 
[0137] On the other hand, in the multilayers of example ** from which interface structure is in the disconformity 
condition - **, by heat-treating, a part metamorphoses into a superlattice (face centred tetragonal lattice of UO 
mold) from an irregular grid, and the crystal structure of PtMn has become that to which regulation-ization fully 
advanced. 

[0138] Drawing 8 is a high-resolution TEM photograph in which the interface structure of PtMn of example ** and 
CoFe after heat treatment is shown. As shown in drawing 8 . in the interface of PtMn and CoFe, it turns out that 
the direction of a list of the atom of PtMn and the direction of a list of the atom of CoFe are not in agreement, and 
it is in a disconformity condition. 

[01 39] On the other hand, drawing 9 is a high-resolution TEM photograph in which the interface structure of PtMn 
of example of comparison ** and CoFe after heat treatment is shown. As shown in drawing 9 . in the interface of 
PtMn and CoFe, it turns out that the direction of a list of the atom of PtMn and the direction of a list of the atom of 
CoFe are in agreement and it is in an adjustment condition. 

[01 40] Moreover, drawing 10 is an experimental result after heat treatment to which drawing 1 1 measured whenever 
[ regulation-ized / of PtMn / in / for whenever / regulation-ized / of PtMn in the multilayers of example ** / the . 
. multilayers of example of comparison ** ]. The experiment measured the include angle which two equivalent (1 1 1} 
^ sides in PtMn make, and asked for whenever [ regulation-ized ] from the include angle to make. In addition, the axis 
of abscissa shows the distance from the interface of PtMn and CoFe to the PtMn side. 

[0141] As shown in drawing 10 , the measured value of the include angle which {111} sides make is scattered within 
the limits of about 65 to about 72 degrees, and it turns out that a part of irregular grid before heat treatment 
changes, and the crystal structure of PtMn serves as a superlattice. 

[0142] On the other hand, in drawing 1 < , the measured value of the include angle which (111) sides make has fallen 
within about 70 - about 71 range, and even if the crystal structure of PtMn heat-treats, it turns out that it has 
meant having maintained the condition of the irregular grid before heat treatment with as. 
[0143] As mentioned above, in the multilayers of example ** - **, since interface structure can be made into a 
disconformity condition, therefore regulation-ization can be advanced to fitness by making the amount of Pt(s) of 
PtMn into 49 - 5tat%, the exchange anisotropy field generated in the interface of PtMn and CoFe has the very large 
value so that it may understand, even if it sees drawing 7 . 

[0144] On the other hand, in the multilayers of example of comparison **, since the amount of Pt(s) of PtMn is as 
low as 44at(s)%, the exchange anisotropy field which generates interface structure in the interface of PtMn and 
CoFe so that it may understand, even if it will be in an adjustment condition, regulation-ization does not progress to 
fitness but it sees drawing 7 will become a very small value. Moreover, in order to make interface structure of PtMn 
and CoFe into a disconformity condition, it is desirable to make the crystal orientation of PtMn and the crystal 
orientation of CoFe differ. 

[0145] In addition, a little more than [ of the amount of preferred orientation of the {111} sides shown in Table 1 / "a 
little more than" ], "inside", and "weakness" express the priority amount of preferred orientation to the direction of 
a film surface. As shown in Table 1, both the amount of preferred orientation of the {111} sides of PtMn of example 
of comparison ** and the amount of preferred orientation of the {111} sides of CoFe (fixed magnetic layer) are [ "a 
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little more than" ]. 

[0146] tf this refers to the film configuration of example **. NiFe. CoFe (free magnetic layer). Cu (nonmagnetic 
conductive layer), and CoFe (fixed magnetic layer) which were formed on Ta Since the difference of the lattice 
constant of CoFe (fixed magnetic layer) and the lattice constant of PtMn (antiferromagnetism layer) before heat 
treatment is small so that the amount of preferred orientation of f 1 1 1 J sides may become strong in response to the 
effect of Ta as a substrate layer and it may understand with reference to drawing 6 strongly Strongly in response to 
the fact that the effect of the amount of preferred orientation of the (1 111 sides of CoFe. priority orientation of the 
{111} sides of PtMn will be carried out in the direction of a film surface. 

[0147] On the other hand. NiFe, CoFe (free magnetic layer). Cu (nonmagnetic conductive layer), and CoFe (fixed 
magnetic layer) which were formed on Ta in example ** Although the amount of preferred orientation of {1 1 1 J sides 
becomes strong strongly in response to the fact that the effect of Ta as a substrate layer Since the difference of 
the lattice constant of CoFe (fixed magnetic layer) and the lattice constant of PtMn (antiferromagnetism layer) 
before heat treatment is large so that it may understand with reference to drawing 6 , the {1 1 1 J sides of PtMn are 
seldom influenced of the crystal orientation of CoFe. but the amount of preferred orientation in the direction of a 
film surface is weak. 

[0148] Moreover, in the case where it is example **** by which the laminating of the CoFe (fixed magnetic layer) is 
carried out on PtMn, if CoFe is formed on PtMn. the amount of preferred orientation of the [111) sides of CoFe will 
become weak, therefore the crystal orientation of PtMn and CoFe will be turned in the automatically different 
direction. 

[0149] Next, in this invention, the antiferromagnetism layer was formed with the Pt-Mn-X* (X-Ar) alloy, and it 
investigated about the relation between the amount of element X', and the lattice constant of a Pt-Mn-X' alloy. The 
film configurations used for the experiment are Si substrate / alumina / Ta(50) / Co90Fe10 (30) / Pt-Mn-X' (300) / 
Ta from the bottom (100). In addition, the numeric value in a parenthesis expresses thickness and a unit is 
angstrom. 

[01 50] In the sputtering system, membrane formation of an antiferromagnetism layer prepared three kinds of targets 
with which the rate of Pt and Mn is set to 6:4, 5:5. and 4:6. and it formed the Pt-Mn-X* (X-Ar) alloy film by DC 
magnetron sputtering and the ion beam spatter, changing the introductory gas pressure of Ar which becomes 
element X' using each target And it measured about the relation between the amount of X' (X-Ar) occupied in the 
Pt-Mn-X' (X-Ar) alloy film, and the lattice constant of Pt-Mn-X* (X-Ar). The experimental result is shown in 
drawing 12 . 

[0151] As shown in drawing 12 . when [ of the presentation ratio of Pt and Mn ] the amount of element X' (X-Ar) 
becomes large in the case of either 6:4. 5:5 and 4:6 shows comparatively that the lattice constant of Pt-Mn- 
X' (X-Ar) becomes large. In addition, the NiFe alloy which constitutes a fixed magnetic layer, a CoFe alloy, or Co As 
shown in drawing 12 . the range of a lattice constant is about 3.5 to 3.6. Moreover, although the amount of element 
X' (X*=Ar) is carried out to to about 4at% and the experiment is not tried about the case of a large content any more 
in this experiment, since it is a gas element. Arfrom which this becomes element X' is because it is hard to contain 
Ar in the film, even if it raises gas pressure. 

[0152] Next the heat treatment process indicated below was given to the Pt-Mn-X' (X-Ar) alloy film used for the 
above-mentioned experiment As conditions in a heat treatment process. 3 hours was first spent on the 
temperature up. then, the temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent 
on the temperature fall. In addition, the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 
[0153] Drawing 13 is a graph which shows the relation between the amount of element X' (X-Ar) of the Pt-Mn- 
X' (X-Ar) alloy film, and the magnitude of the switched connection field generated in the interface of an 
antiferromagnetism layer and a fixed magnetic layer by said heat treatment As shown in drawing 13 , when the 
amount of element X* (X-Ar) becomes large, it turns out that the switched connection field is large. That is, if 
element X'-(X-=Ar)-is added-to PtMrvit -is possible -to acquire a large-switched connection-field compared wruYthe --- 
case where element X' (X'=Ar) is not added. 

[0154] Next in this invention, using another element X\ the antiferromagnetism layer was formed with the Pt-Mn- 
X* (X'=Mo) alloy, and it investigated about the relation between the amount of element X' (X'=Mo), and the lattice 
constant of the Pt-Mn-X* (X*=Mo) alloy film. The film configurations used for the experiment are Si substrate / 
alumina / Ta(50) / Co90Fe10 (30) / Pt-Mn-X* (300) / Ta from the bottom (100). In addition, the numeric value in a 
parenthesis expresses thickness and a unit is angstrom. 

[0155] The compound-die target which stuck the chip of element X* (X-Mo) on the target of PtMn was prepared for 
membrane formation of an antiferromagnetism layer, and changing the surface ratio of the chip occupied at a target 
the amount of element X* (X -Mo) occupied in the film was changed, and it measured about the relation between 
said amount of element X* (X*=Mo), and the lattice constant of a Pt-Mn-X* (X*=Mo) alloy. The experimental result is 
shown in drawing 14 . 

[0156] It turns out that the lattice constant of Pt-Mn-X' (X-Mo) becomes large, so that the concentration of 
element X' (X'=Mo) which the rate of the presentation ratio of Pt and Mn occupies in the film in one case of 6:4, 1:1, 
and 4:6 becomes large, as shown in drawing 14 . In addition, as shown in drawin g 14 . the range of the NiFe alloy 
which constitutes a fixed magnetic layer, a CoFe alloy, or the lattice constant of Co is about 3.5 to 3.6. 
[0157] Next the heat treatment process indicated below was given to the Pt-Mn-X' (X -Mo) alloy film used in the 
above-mentioned experiment As conditions in a heat treatment process, 3 hours was first spent on the 
temperature up, then, the temperature condition of 240 degrees was held for 3 hours, and 3 hours was further spent 
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on the temperature fall. In addition, the heat treatment degree of vacuum was set to 5x10 to 6 or less Torrs. 
[0158] Drawing 1 5 is a graph which shows the relation between the concentration of element X* (X-Mo) of the Pt- 
Mn-X' (X'=Mo) alloy film, and the magnitude of the switched connection field generated in the interface of an 
antfferromagnetism layer and a fixed magnetic layer by said heat treatment. If the amount of element X* (X'=Mo) in 
the film becomes more than abbreviation 3at% even if the presentation ratio of Pt and Mn is which [ of 6:4, 1:1, and 
4:6 ] case comparatively as shown in drawing 15 . it turns out that a switched connection field falls gradually, 
especially — the amount of element X* (X -Mo) in the film — about 10 — if it becomes more than atfc, even if it is 
the case where the rate of the presentation ratio of Pt and Mn is 1:1. a switched connection field becomes very 
small and is not desirable. 

[01 59] By the way. at least, although it is a fitness element X* (X -Mo) content, when it does not contain said 
element X* (X'=Mo), it is more desirable than the time of the amount of element X' (X -Mo) being 0at% that a 
switched connection field becomes large. Comparatively, in the case of 6:4. if the amount of element X' (X -Mo) is 
less than [ abbreviation 1at% ], a switched connection field will become large rather than the time of the amount of 
element X* (X*=Mo) being 0at% of the presentation ratio of PtMrt Moreover, comparatively, in the case of 1:1, if the 
amount of element X* (X'=Mo) is less than [ abbreviation 7at% ], a switched connection field will become large rather 
than the time of the amount of element X' (X'=Mo) being 0at% of the presentation ratio of Pt:Mn. Furthermore, 
comparatively, in the case of 4:6, if the amount of element X' (X -Mo) is less than [ abbreviation 10at% ], a switched 
connection field will become large rather than the time of the amount of element X* (X'=Mo) being 0at% of the 
presentation ratio of PtMrv 

[01 60] next — although it is the minimum of a fitness element X* (X'=Mo) content — the presentation ratio of PtMn 
— since the switched connection field became the largest comparatively when the amount of element X* (X -Mo) 
, became about 0.5 at(s)% in the case of 6:4, by this invention, the amount of element X* (X -Mo) set up 0.2at(s)% 
; ' smaller than 0.5at9£ as a minimum there. 

[0161] By this invention, the desirable range of the presentation ratio of element X' was set to 0.2 to 10 at at% from 
the above experimental result. Moreover, the more desirable range was set to 0.5 to 5 at at%. In addition, the 
desirable presentation range of above-mentioned element X' is the case where Mn is set up within the limits of Pt (= 
element X) and4:6 to 6:4. 
[01 62] 

[Effect of the Invention] It sets on the switched connection film which consists of an antfferromagnetism layer and a 
ferromagnetic layer according to this invention explained in full detail above, and is said antiferromagnetism layer X- 
Mn (however, X) When forming, the presentation ratio of said antfferromagnetism layer is adjusted to fitness, the 
inside of Pt, Pd, Ir, Rh, Ru, and Os — any one sort or two sorts or more of elements — it is — Since interface 
structure of said antfferromagnetism layer and ferromagnetic layer (for example, NiFe alloy) is made into the 
disconformrty condition, it is possible to acquire a larger exchange anisotropy field 

[01 63] Or at this invention, it is element X* (however. X'X Ne, Ar, Kr, Xe. Be. B. C, N. Mg. aluminum. Si, P, Ti, V. Cr. 
Fe, Co, nickel, Cu, Zn, Ga, germanium, Zr, Nb, Mo, Ag, Cd, Ir, Sn, Hf, Ta, W, Re, Au, Pb, and the inside of rare earth 
elements — one sort or two sorts or more of elements — it is — by making it dissolve with an invasion mold or a 
permutation mold in the X-Mn alloy film It is possible for the interface structure of said antiferromagnetism layer 
and ferromagnetic layer (for example, NiFe alloy) to change into a disconformrty condition, and to acquire a larger 
exchange anisotropy field. 

[01 64] moreover, the phase which heat-treated — setting — a part of [ at least ] crystal structures of said 
;^ antiferromagnetism layer — the face centred tetragonal lattice (superiattice) of L10 mold — becoming — **** — 
5$ moreover — the ratio of the lattice constants a and c of said antiferromagnetism layer — it is desirable that c/a is 
within the limits of 0.93-0.99 at the point that a larger exchange anisotropy field can be acquired. Furthermore, it is 
desirable that the crystal orientation of said antiferromagnetism layer and ferromagnetic layer in an interface differs 

at the point which is easy to change interface structure into a disconformtty condition. 

[01 65] As mentioned above, by applying the switched connection film with which interface structure is in the 
disconformrty condition to a magneto-resistive effect component, the resistance rate of change of said magneto- 
resistive effect component layer can be raised, and it is possible to raise reproducing characteristics. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view which looked at the structure of the single spin bulb mold thin film of the 1st 
operation gestalt of this invention from the ABS side side. 

[Drawing 2] The sectional view which looked at the structure of the single spin bulb mold thin film of the 2nd 
operation gestalt of this invention from the ABS side side. 

[Drawing 3] The sectional view which looked at the structure of the dual spin bulb mold thin film of the 3rd 
operation gestalt of this invention from the ABS side side. 

[Drawing 4] The sectional view which looked at the structure of the AMR mold thin film of the 4th operation gestalt 
of this invention from the ABS side side. 
) [Drawing 5] The sectional view which looked at the thin film magnetic head in this invention from the opposed face 
side with a record medium. 

[Drawing 6] The graph which shows the relation between the amount of Pt(s) before heat treatment at the time of 
forming an antiferromagnetism layer by PtMn, and the lattice constant of said antiferromagnetism layer. 
[Drawing 7 ] The graph which shows the relation of the amount of Pt(s) and exchange anisotropy field at the time of 
forming an antiferromagnetism layer by PtMn, 

[Drawing 8] The high-resolution TEM photograph of the muhtilayers of example ** shown in Table 1 , 
[Drawing 9] The high-resolution TEM photo&-aph of the multilayers of example of comparison ** shown in Table 1 , 
[Drawing 10] The graph which shows whenever [ regulation-tzed / of PtMn (antiferromagnetism layer) in the 
multilayers of example ** shown in Table 1 ], 

[Drawing 1 1] The graph which shows whenever [ regulatiorHzed / of PtMn (antiferromagnetism layer) in the 
multilayers of example ** shown in Table 1 1 

[Drawing 12] The graph which shows the relation between the amount of element X' (X-Ar) at the time of forming 
an antiferromagnetism layer by Pt-Mn-X* 0C=Ar). and the lattice constant of said antiferromagnetism layer. 
[Drawing 13] The graph which shows the relation of the amount of element X* (X-Ar) and switched connection field 
at the time of forming an antrf errpm agneti sm layer by Pt-Mn-X' (X'=Ar), 

[Drawing 14] The graph which shows the relation between the amount of element X* (X'=Mo) at the time of forming 
an antiferromagnetism layer by Pt-Mn-X* (X'=Mo), and the lattice constant of said antiferromagnetism layer, 
[Drawing 153 The graph which shows the relation of the amount of element X* (X-Mo) and switched connection field 
at the time of forming an antiferromagnetism layer by Pt-Mn-X' (X -Mo), 
^ [Description of Notations] 

1 Free Magnetic Layer 

2 Nonmagnetic Conductive Layer 

3 Fixed Magnetic Layer 

- 4 Antiferromagnetism Layer*- 

5 Hard Bias Layer 

6 Substrate Layer 

7 Protective Layer 

8 Conductive Layer 

9 Exchange Bias Layer 

1 0 Soft Magnetism Layer (SAL Layer) 

11 Non-magnetic Layer (SHUNT Layer) 

1 2 Magnetic-Reluctance Layer (MR Layer) 

20 Lower Shielding Layer 

21 Lower Gap Layer 

22 Magneto-resistive Effect Component Layer 

23 Up Gap Layer 

24 Up Shielding Layer 
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m&K&m&mtmm&mtz<»ftffi\zT* ®&K&m& 
[0019] *$89j-m. ffirs&attno { 1 1 1 } © 

SOfctt U fi9EE3i«ttJl4> {111} SODEfSjS 

[0 0 2 0] B5i2Ea»ttB<D (111H 

<0K*f U ?»E3fi&ttfl(Z> 1111} ffi<DiB|njffi«, ffi 

too2i] M&& i &tiii&mt&m&m£<o 
Rmizy-fTtejjft^o* mmK&m&sv 1 1 1 1 } m 
<Dgzft&* &<kzfWi$H&m&m<o { 1 1 1 \ mo&fam 

sue { 1 1 i } ffiewojgssa^ #®K¥fT&^ 

W^T^5, 20 
[0 0 2 2] ^^*K«-e«, mtEE8«H±BttX-M 

a, c©ltc/aH 0. 9 3 — 0. 9 9 <0$8Hf*9T& 

[0 0 2 3] t&EE&JaftJlte* X 

-Mn-X' (fc^tXIl Pt, Pd, I r. R 

h, ru, os<z>5*>^irnfcim*tz\Z2m&>±v>7£ 

3f$T**) Tf^J5£$n, BfrEX-Mn-X' tc 30 

^XiiMntT-ffi^^n^SKfe^COBSra^TC^X' A« 

iT«^^n*^S»^(?5»^<0-a^ 7t*X' \Z 

P t -Mn-X' £ 

0 MtiZttftT^Z £ tifi ft* 
[0 0 2 4] ft*J*«9JTtt, ffifEK^ffltftliiLTffl 
l^n^X-Mn-X' £&<Dtc*X' «U Ne. A 
r. Kr, Xe, Be, B, C, N. Mg f Al. S 40 
I,. P. Ti, V, Cr, Fe, Co. Ni, Cu, 2 
n. Ga, Ge, Zr, Nb, Mo, Ag, Cd. I 
r, Sn, Hf, Ta, W, Re. Au, Pb, ROTfr 
±JH7C*4> otl a* £tt 2 a«±<Z>7c3KT&* £ tifi 
ft*L<* <tO»*L<W, fiSfE5c3RX' tt. Ne, A 
r t Kr. Xe(0 5^ ia^fc«2att±OTc5Br* 

[0 0 2 5] IftER&lBttBa*, X- 

Mn-X' &&TBf&i£tlZ>m<&* X' OfflfSifcte a t 
%X\ 0. 2-1 0<OeBWT£*C«ta*#&L<* <t 50 
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OffiKH 0. 5~5C0«8fflrtTS-5o 
[0 0 2 6] SSICaMMrCtt. ffiTEKSaftS^. X 
-Mn-X' *&7?#i«Sn*»ft. 7C*XtMn<b(0 
X :MnH 4:6-6: 4(0Mt$ 

^X-Mn-X' ^/X-/^ft»Ccfc0^j5K^ti-5 

[0 0 2 7] ttER^ffltttS^, X-Mn 

(^LXfi, Pt, Pd. Ir. Rh, Ru, O 

s<op^ti-rn^ia^^:«2a£(±co7csiT*'5) t 
jgj£<*n, WEK^att^^3fiKttg©±ic^*^nT 

£0* X-Mn£&<Z)X<0fflfifcitl2a t 4 7-5 

[0 0 2 8] £fc#?gtpiTte, SrrEK^fiSttH^ X- 
Mn-X' (/tfcU X\t. P t. Pd, I r, R 

h, ru, oscop^nm*ua^fc«2a^±^>7c 

X' H. Ne, Ar, Kr, Xe, Be, 
B, C f N. Mg. Al, Si, P. Ti. V, Cr. 
Fe, Co, Ni, Cu, Zn, Ga. Ge. Zr, N 
b, Mo. Ag, Cd, I r. Sn, Hf, Ta, W, 
Re. Au. Pb, RZSft±m7im<»$*> lli^2 

ittBa)±l:M$nt^0, X-Mn-X' £&<DX 
+ X' c^&fitJclttea t %T. 4 7-5 7<D«&BftT&* 

[0 0 2 9] X-Mn£-&CDXtf>*& 

ttat^T, 5 0-5 6<2iSBrtT**£<hat«fcrj«P£ 

[0030] ttCKaattJi**. x-Mn 

(fc/£LXI*. P t. Pd. I r. Rh, Ru, O 

scD^^i>-rn^ia^fcH2att±<07c«-cfe-6) t 
^*£<*n, m&&ftm&m&ftm&m<DT\zM&2ftT 

SsfJ. X-Mn^&CDXOffl&Jttia t 4 4-5 

[0 0 3 1] tfc^X^-Ctt. nKEOMUtmifi. X- 
Mn-X' (ftfiU' te, Ne. Ar, Kr. X 
e. Be, B, C, N. Mg, Al, Si, P. Ti. 
V, Cr, Fe, Co, Ni, Cu, Zn, Ga, G 

e, - Zr, Nb. Mo, Ag, Cd, I r, Sn, H 

f, Ta. W, Re. Au, Pb. &CFI&±S7C«(0 5 

s ia£/ite2att±<07c$T**) TiBj£»n/ ise 

EaattH3^»attH©Tfc»rtStiTfe0. X-Mn 
-X' S4©X + X' <OfflfigJt«a t 4 4-5 7 

[0 0 3 2] £6£:£Se9i-efcu X-Mn&40XOffl 
ttat^T, 4 6-5 5O«BrtTft*CtWi0lfft 

[0033] «±^^^^UT^ffi$n^xtfte^K 
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\t* #3g9jTfct, m*temn.&&m%m : ?tzmm-5imx 

&z>. &?*ftW\z&wz>is>tf)\,*\f.>rt)V7mnm 

[0 0 3 4] ±e^>$Mlo*e>/W 
[0 0 3 5] *fe*55^^i5^-6^3.7 r ;PXtr>/^r 

fem&m<o±*s&zf(&j7<?>&fem&iav>T\z&mLT* 
&&m%&mmz&o*n*nv>mfe&&m<Dm<tj$fo 

m omikfift & ffliaEajtattg v>m<tx$i £ 3& ^ ^ 

£ £ Jg £81 IC cfc 0 *g jo£ $ tit ^ -6 £ £ £ a £ "T -5 

[0 0 3 6] ^^(C^%^IC^W5AMR*^F«. 30 
fit® LTlft 6 tlftm&&ftM £&m&M i: ^ W 

£ £&a £ *T * t) CO T <5 . 

[0 0 3 7] *«^-c«, saieattt, 4>&<£ 

t>7c5£X (X = Pt, Pd, Ir, Rh, Ru, Os<0 40 

[oo3 8] «i8ttetw»ffi«ig^^E^fi < h'r^ 
sat*. aais^jS6b^t€. 
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[0 0 3 9] #&£#SB<btt, SSJttttSiaa 

\t^£<onm\z^x. m&K&m&mm<Dm : r£, a 

mwmimt<L*c££\,*5tf* ^<D^o\z^mm^n 
&$&&£? z\z\z. &mmmtz&i f iz>R&m&&<Dte 
?fe&&mmzMWLT&<<&E&$>z>o 
[0040] titimfc&m&mte* m^tx 

-Mn^ (fcfcfU XttPt, Pd; Ir, Rh. R 
u. O s<Do*>^-rtlfr ia&&^H2 8eLL0>7C5R) 

[0 0 4 1] *^§q-C«, flJEX-Mn&40Xfl)aj5£ 

it&m&izmnLx* fsknummiz^f^x-un^o) 

&Tfe1k<Dm£* SSfiBttJg (0iJ^tfN I F e£&) <D«F 

[0 0 4 2] J&Blfgffir (J^MSSi) K*nt*X-Mn£ 
^O^S«jgi:^atteoj|ga«|ig^^ ( c, X, Mn 

H€:^#< ut^^cot, ^Kapgf (m&mm tox 
[0043] c<D£oiz&5zwx\z i Rmm&m£ux 

MX<Dt&&t£&miE\zmiRTZ>C£\Z&r) % 

ftm&m^Rffiftm&frmGvtmzLx^ztf. 

t£t>tZ*&WX\Z* ftj}*7t% (Ne^ArS) t*Eo> 
TcSfcX' £X-Mn£&fl^^r£-fr3 C<hT* 

£<oftffimm&&m£t£m\z-rzz£&i*imiztsi'DX^ 

[0 0 4 4] £fZ*ftmx&, X-Mnfil 
X-Mn-X' &&£&m&M£<Dlg&&fat>ig i tLZ 1 £ 

[0 0 4 5] C(0<fc5»r, X-MnSl »-5^fiX- 
Mn-X' t:4t£&m&m£<D&8t&\$i&&ts.Z>&?\z 

it*<oii ^^t^»ttja<D (mi Kffi 

X-Mn-X' &&<D (111) Kffi«^fTlCffi 

ftMfaLx^z>£ % ftmmmt*&&&#m\z\*tiLr)\z< 

[0 0 4 6] *C7?*»WTtt» ^JA«^Ktt@<0 I 1 
1 1) Ej&t. X-MnS^ «5WtX-Mn-X' ^ 

Mn&4, *^CUiX-Mn - X' (111(1 




(7) 

n 

coo4 7i &±<d£5\z. ft®m&t>mm&#m£te 

X-Mn&4, &£M4X-Mn-X' ft&t&atttn 

£<ORM\ZT#»8iJ3&m&t>W*iLTZ&. £<0£&& 
#ttB#<05££fi, X-Mn&4, &*^14X-Mn- 
X' ft&<OtSfl«jga<. mE^F«BJffi^6X. Mnl? 
OEWfitfWSflrJtt £ o T8W> Z tllZffifrJEX&TlZ 

[0 0 4 8] *fgiETt4, ttEB<friE3rfe?t4. 

^fttt^OSEcOpS. (Hffi^)4®<Dtt , /C^XK : ?^t& 

m&#?<Dm* te&^m&jizrfffiWi^zMn 

n&4, &5trU4X-Mn -X' ft&(D4>£t< £ 1>— 83 

[0 0 4 9] &±.<D£o\Z* m&m&fc-rztiz&Qx 

-Mnfi^ &*W4X-Mn-X' ft^Oigjiffiig 

?mm#*fr$msm¥tz£ifiL* &&&&&&& 20 
8£-r**<, coM^HicftK-sft^a^tt. x-m 

nft&* ibiMJX-Mn-X' &4©J^NiMn^ 

[0 0 5 0]««Tlt tt£L&£3£. X-MnS 
&<nmf3Ltt$:m&4t:TZ>Z.£.\Zj:0 , »5^liX-Mn 
ft&l::35 37cSf£LT7n5|?X' *8Mnrr* ClifcJ: 0 , 
^fflSaaK^tSX-MnS^ »SWiX-Mn- 

x' ftft&BBttA&4>*Btt£e#BftttBKTe 
*. 

[0 0 5 1] EBBttB&BBttB&OffBttB&IMI 30 

ftttBirfS*. S»«a^^ffi'r^<hlCi:0, X-Mn^ 
<fc*^t4X-Mn-X' ftAattMflBfcttFBM* 

T*£tt3M£tta*tf££-r*. a*, x-Mn§ 

4 (X=Pf, >d?)' , M^ttX-Mn-X' ft& 
(X'=Ne, Ar§) tt, FeMnft^NiMnft 
&ft£lctt'<TBftttlcBri. £fcF e Mnft&«£tt: 

(Hex) &±$^uzKmm&ttmti,T&ntzftfk 

**LT^3. *BBT14X-Mnftft. 40 

l*X-Mn-X' ft&ett&rSTGXXlCP t ^sjr-t 

[0 0 5 2] BLfcBBLfc, X-Mnft*, &$fr>t4X 

-Mn-x' &&v&&2nitfc&m&m£:m&&m£ 

*6&«£BI!ftK)4. BftraaBB^rcSBrftC 

[0 0 5 3] *BB?Ht. ^tftfiEBflffittS&JIX^ 

X tf > /X Jl^BBBBTOEBBttB t H&fiSttB <b 

MEXiJMSftttlCiOBrtkT^*. cniCct 0. 50 
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ffiBBJEBttJicDlBft:*— £3r A£BBl;:B£? £ c £ 

[0 0 5 4] X^Xfx>y/W7X^i:J: 

xBfc:7y-BteB* WWi^Xfi>y/H7X 
E<h»Sa«$iJI<>:£, »B3«»ftttl;:J:0BlSLTt> 
<fctn iinilcfc.O, ttE7U-BfU^J:tJCB&ttttB 
OBft«— £^tcjBttfcMx.$C&3»t?riB<k«c0, £ 

[0 0 5 5] 

1»9!0>*1S©*B] Hill *%^<0^1^iS^fficD 

> >mn >aju:/b»bsiw©*« sab s s 
enr, A-H^x^ftfoeBB^KU-r^ba) 

[0 0 5 6] El 1 <0afeT^^J5t$tlTt^OHT a 
{*>*M ft£o#Btt«»-C»*SnfcT*B6 7f 
CC0TJ6@6O±fC7»J-attii 1 , #Btt»m 

®2, H£fi0fcttJg3, ft£tfK&BttB4*fftB£tlT 

l' 1 *.. tLT, SJER^Btt® 4<0±fZT a (^>^ 

;P) &£0«BB7#»fifc*nT^<5. 
[0 0 5 7] KS?\fc5fc, ~Fi&@6^£«SK 

§7 £T0>6B<Z>^<fflK:t4, A— 5 , 5** 

mffczti, bea— k/wt^bs." 5o±fc«»ma 

[0 0 5 8] *»W^tt»E7y-BttBl*J;tfBS 
KttS 3 NiFe ft£\ C o F e ft&'J C o ftft, 
Co, CoN i Feft£ft£CJ:9»j£dft-Tlr>&. & 
*5K 1 K^r<fc3t::7U~ffittJg l J4— JBT^fi£<*nT 

SJE7U-ittBl^ WAtfN i Fe^CoFe 

*±£tfimmttutmmtuvTwt>*tou nif 

[0 0 5 9] ttB7U--Bttfll&B£BttB3£:0>|ll| 
^ft-rs#Btt»«H2tt, CuTM^nt^S. 
^bC, A-hVW7XB5. 514, 0»J>ltfCo-Pt 

(3/t*h-fift) S^Co-Cr-Pt (ziJ\)Ub 

8, 8*4, Cu (ffl) <^>^X^» , Cr 
DA) Aj:i:T»^$nTl>-5. 
[0 0 6 0] *«^TJ4, BeBttB3«)±i:BAdn 
T^«SBBttB4tt. 4>U<£h7t&X (ftfZLX 




13 

tt, P t, Pd, I r. Rh, Ru, OsO^^^Ttl 
[0 0 6 1 3 *S5WTIt 0 1 lw^-TH5£iKt±S 3 <tE 

sfcjtEic«»t* rrtriaE&a&e 4 o4>ft < t t)-es<o 

[0 0 6 2] CCT, H.S!OS^iE^»^<b«. %L 
(M&^0>6ffiO5£. <WSC0 4ffi«)*4:^X^ (X= 10 
Pt, Pd, Ir, Rh. Ru, Os) 

[0 0 6 3] ££*5S*PmS, H£Kt4Ji3<hE&«tt 
Ji4£<Z>l§SffifiaWJc>T^*c:£a*, H3&814JI3 
<hS«JKtt@4^<0^ffi«lig^ K/<C 9^ t" 

[0064] 01 iz^-r^^nwvizrmitK*^ 

li. TaOTifi8 6;^&^T*£tfrC* ffi[ET^B6 0 
±K»*4tl*7y-«ttlBl. #«ttiJJ«8 2, *5<fc 20 
tf©J&Btt/I3© I11U E« % &®K*tLT¥?Tfc 

[0 0 6 5] dtXKttU fi*£E£a&/g3 0±J::^fifc 

£n*E3&ateS4 4> { 1 1 1 } ®«, mfcmfem&m 

3 co {1 1 1} EOEiRiffi{cJt^T/h$c^, &<5m* 

<t K^att® 4 1 wittT co)eai2r&] tts/i o ^ 
[0066] *&w-e\±f&f!imm<D&m*t>* a^attt 30 

IMftSeiKLTt), fUSBE&attJi 

C*. 

[0 0 6 7] *aH?li. ffiffiESfc&ttJi 4 h*; X-M 40 
nfti (fcCl/XIl Pt. Pd. Ir, Rh. Ru. 
O s OiS^fn* l SSfctt 2 SK±c07C*T*-5) 

Tjn£$*vc<r>$. *£*x9!ti*. ^rEs^att@4 

3£lc£*Jt#ttaj|l (Hex) 
[0 0 6 8] ftJER3SKttJ3 4*>tp t Mn 50 
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»ttS4<D*&?)£g:a. cflDltc/att, 0. 9 3- 

o. 9 9 0«rai*re&$£:&#iff£Lfr>. t&^fcSa, 

c<0ifcc/adt0. 9 3S(Tlctt*&. MKE^ffltftH 
ttR8Ctt&&. l»eB£attg3£E»8tt/g4 to 
*?jata, c<Dttc/a#0. 9 9 &±K:&* ffi 
oTL*K tftiBS^attS4<hBffi«ttS3i<D#E 

[0 0 6 9] £C3TttER3i«ttJi4rt«. X-Mn& 
& (fc^LXii, P t . Pd. Ir, Rh. Ru. Os 

*&9m£. iitrEX-Mn&&<Dfflidtit£Tffi<9ft 

[0 0 7 0] flGSESII&ttJa 4 X-Mn^ (Tzfz 
LXW:, Pt. Pd. I r. Rh. Ru. Os0)o*>l* 

'3 0±lC«A$ti<&«^ X-Mn-&&cD7n3iX<Z)ffl/£ 
itf*at%T* 4 7-5 7<Z>(fcfflrtT&*;:<i:#»£L 
<fc0ff^ L<«X-Mn^^<07C^XOja£Slttta 

[0071] ±9iL&aAH:nT?K*attff4«»j£r 
Mam. t>*ottft«a*^aiH*Tt&-3T 

■»»w«fcT. jKneaitaaa 3 tE&aftji 4 1©# 

Attftfat*-?* 4 7-5 7c0tefflWT*5<i:, 40 0 
(Oe HM^yH) «±<0£»&;£te«#£8* £ 
t^prttT?**. £fcX-Mn^&<07c5&X<Offld£Jtfi 
atU, 5 0-5 6<0ftffil*JT&&<>:. 6 0 0 (O 

[0 0 7 3] C<0cfc3£*89m*, KMiil4<bL 
TX-MnS4^ffifflLfc8^ 7n*X£>»fi6tt£±i£ 

&0nvttTfe*. X-Mn 

saattH4«>«7£ft«*#<Tfr. RMoaaic 
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[0 0 7 4] X-MnS4i:7C*X' $MfcX«Mn 

[0 0 7 5] <h^5-C*^-CJig5EX-Mn-X' -& 10 

T, I5gex-Mn-X' ^fi*^«ttffi-Cfi£H^n, 
»nf:X-Mn-X' £&\Z. K+<07c3gX' 
tc« X t M n £ T«fifc £ *i* SWft^coKra leg A L , 
7C*X<hMn<hT«*££n*ISftte^(Dte^ 

7C5SX' ^ X-Mn&&<£»TKgA^r<&£^f4K 

^**<&*. 20 
[0 0 7 6] Sfc*JMra*, tc&X' LisTm*Ujt 

#to&7nSiX' te, Ne, Ar. Kr, Xe, Be. 
B, C, N, Mg, Al, Si, P, Ti t V, Cr, 
Fe, Co, Ni, Cu. Zn. Ga, Ge, Zr, N 
b, Mo, Ag, Cd, I r. Sn. Hf, Ta, W. 
Re, Au, Pb. Rtf#±g7csR (Sc, Yt7>^ 30 
/-f K (La, Ce, Pr, Nd, Pm, Sm, Eu, 

Gd * Tb * Dy * Ho » Er » Tm - Yb ' Lu) > 

[0 0 7 7] ±g3K^Lfc«/rfc7C3RX' Ol>-r«t« 

*fc, KBBtt&lTOfMbWrFU E£lBt£®3ih 

[0 0 7 8] ttlc*X9TC»« gAataSL, =FStt 40 
U?s<»ftfi7s7t% (Ne, Ar, Kr, XeO^^li 

^^fXiLTS£^<b^^y^^fiirt(r^A^n-6^fX 
[0 0 7 9] ft*. tc*X' lC#X£07C$fc£{gfflLfc 50 
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<£>. 

[0 0 8 0] &**5BM"ett. tc$X' <D&0Llt<Dm® 
*S:£LTfc0, fTSLuMExftX' 01MMBBI*. 
atXTO. 2**6 1 0T*0, ^Offf; b < »4, at 
0. Sfr6 5t*4. SfcCCD^i*, TCSfeX^M 
n<h<7)*afi5Jt<0$I&X : Mnlt 4:6-6:4<0&ffl 

£Mn£<Z>&fiEJttD3iJ£X : Mn£, ±IBfcBl*3T93& 
"Mitt. fifcBIKB (BABtt) £*l**KBttttM4Q 

7u5Bx' &<£miste^ms\zttL x^<-r 

[0 0 8 1] »^fr*9BnTa. X-Mn-X' 
(fc£lsXI*. Pt, Pd. Ir, Rh, Ru, Os© 

$*>^?ftfrim£rz\x2m&±<D7tmT&o* x' 

Ne, Ar, Kr, Xe, Be, B, C, N, M 
g. Al. SI. P, Tl, V, Cr, Fe, Co, N 
i, Cu, Zn. Ga, Ge. Zr, Nb, Mo. A 
g. Cd, I r, Sn, Hf, Ta, W, Re, Au. 

Pb. Rzfft±mjcm<oo*> im£ttte2mu±<07tm 

-X' -&&OX + X' e>&fittfctea t 4 7 — 57 

Ol!Bfttft5CiWff*l/<, <fc0ff£L<f4, X- 
Mn-X' ^OX + X' coa^tt:(4a t 50- 
5 6<03eHft-C&£o 

[0 0 8 2] &&g£ffi^££l::j;^TE3Sateg4£ 

■■ftanHj&sna. s^»tt&4<tbT^^n 

5X-Mn-X' -&&CD7G3RX' ^«>L«^A^C07c3g 

x' wm+#s>mmT % fiEK^n^apgTOTcssx' 
<oiiafiEitJ:ot>, iRAatt«>7c3iex' <o&^tt\t^< 

S4t<D#ffi«ia^fi^ttfiBi:^^Tcmtf, maim 
£m?ztiz±K>, «0E£aattS4otea«ia^ ^ 

fc7'J-8ltlBlH -C-onMK3)BJ£$tiTo$/\-H 

[0 0 8 3] ®i\z*Ti'>#)i>x¥>/vu-rMmm% 
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£ft;T*. #8il$fg2^:S 

[0084] ®2«:, *f&w<Dm2nm&mv>>'>#)\' 

J&LT8UI£nT^5. E2^-rS^88ttS4 
tefc # LXH Pt, Pd, Ir, Rh, Ru, OsO 

IX' te. Ne, Ar, Kr, Xe, Be, B, C. 
N, Mg, Al, Si, P, Ti, V f Cr, Fe, C 
o t Ni, Cu, Zn, Ga, Ge, Zr, Nb. M 
o, Ag, Cd, I r, Sn. Hf, Ta, W. Re. 
Au, Pb, Rtf#±S7C5R©5^ l8££te2S£*± 

<07n3RT*s) -r^fifc^nr^^. shafts 

[oo8 5] zomfowiz&^xb. mfem&m3£K 
£ rz ff-m t z 43 w * ibe &«tt>i 4 <o < <t t -sbcd 

[0 0 8 6] ZtzT &<DTmm6<D±lzmf$.2ntcft!ft 

R^attt@4<o (nn ftm\zw-m<Ljjfa\z& 

(ill} B©#ffi^fSjirM"r^EffilS«, «rKESH8 

"ttS"4 ©Bft(fi o <& & arv* a»; ~s * t>'a~ftEi3 £ft c 

fBE&KSB4 £B£flffiJl3£:0lMEfflttJlftoT 

[0 0 8 7] tC5T, KSftttttlf 4«tX-MnM 
(fcfcXXIl P t, Pd, I r. Rh, Ru, Osfl) 

?t>^?nfrim*tz\t2mi&±<D7imT6z>) 
«>T£jMt£ti««&. K»i»tta4^««'r5x-M 

n£&<0^*X<Dfflj&tt;tta t 4 4^570>£B 

rtT*^c«h7)W^um c<o«6ai^T^ntf. 400 

(Oe) &±<0&&&%&mft&&Z£tW»jm-e$> 
*. ^:0»^L<«X-Mn^<O7c5RX(Offl«tt:«a 

tt. 6 0 0 (Oe) 6U®&M£ttttffe«*C&*< 
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[0 0 8 8] £©J:5C±ifiUfcart(eBrtT**£a 

[0 0 8 9] £&ffi£EttB{£B4«f. X-Mn-X' 
(fcfc # LX' te, Ne, Ar, Kr. Xe, Be. 
B. C, N, Mg, AL, Si, P, Ti, V, Cr, 
Fe, Co, Ni, Cu, Zn, Ga. Ge, Zr, N 
b. Mo, Ag, Cd, I r, Sn, Hf. Ta. W. 
Re, Au. Pb, Rtf#±g(7c3fcCD5S li^«2 

-X' xny *mz£^T&&L2tL> TC^Xch 

[0090] tEs&x' «n^ic^«r a r«E9tattB4CE) 

«?£Rtt. S&Stc&X' £^#Ufc^E3ifi8teJg4<Z> 
tt^SRfctt^T^c^KftO, fi£&&Pg <&$aJItfF) 
*»*EMlBttB4tBJfeBtta3t©ffffillljt*#K 

[0 0 9 1] &**J8flTH R*fci«)S5c*X' CO 
ffie£ifc£, a t 0. 2 — 1. 0 <0«fflf*9 1 U Jc9 

30 Jf £L^&j5£$affl£a t 0. 5 — 5 <0$6Hf*J<h L 

7c3RX<hMn^:.oa^itOSI^X : Mn*. 4 : 6 
-6 : 4<D&Brt£T*Uf, i: 0*#^£&iie^K#£ 

" " { 0"6" 9 2 1" * r fc*: jSlHTliT 0 2'£^r i X - " 
Mn-X' *4T»jaE*nfcE3tBtta4*<Bft«ttB 
3^TftHC^J*^n-5«^ X-Mn-X' £&<DX + 
X' COafiSIttt. atSKT. 4 4-5 7<OftlrtT*i 
dt)W»*U^. J;0KL<ttX-Mn-X' -&^<7) 

40 X + X' OtlfiJttliat^T, 4 6-5 SCOJEfflrtT^ 

[0093] H2ic^-ras»ttS3<oaffc«, 

[0 0 9 4] H2^TJ:-5tr, 7»J"attBl<D±{C 
h7y^(iTw<0W(H$$frtTX^X^x>v?/W 
7XS9 (E^Ktt®) ^fit^tlT^S. ft^CtOx 
^Xfi>^;H7X89H X~Mn^ (^LX 
tt, P t. Pd. I r. Rh. Ru. Os<Oo*>^?tl 
50 *Ua^fc«2a«±OTE5Rr&-5) . ffiKttP t 
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Ne, Ar, Kr, Xe, Be. B, C. N. Mg, A 
1, Si, P. TI. V, Cr, Fe, Co, Ni, C 
u, Zn, Ga, Ge, Zr. Nb, Mo. Ag, C 
d t I r. Sn, Hf, Ta, W. Re. Au, Pb, 

[0 0 9 5] X-Mn-et&nTtmxtD&f&Mta t % 
"Zf, 4 7-5 7<75(gHrt£fcoTlr>*. <fcD#£ L<fct 
X-Mn^&<D^X^&J5£ifctea t 5 0-5 6 10 

X' £&<Z>4§3% tc&X' <3ffif«ittea t%T, 0. 2 
-1 0<Z>®Bl*9T&0* <tOj?£LU||^litat% 
0. 5-~5<0«aKf*g-e&<5o £fc:5G5gX<hMn<!:£D 
ffidtittf>8t|£X :Mnll 4:6 — 6: 4<D9&BrtT& 
S^tdW^btri. £€>K\ X-Mn-X' £&C0X + 
X' <0fflJ5£lttta t 4 7 - 5 7 £>3&Brt£&o T 

M:t^L<, «J:Dif?£L<liX-Mn-X' & 
&<DX + X' <E>ffl*£ittea t 5S"C. 5 0 - 5 6 OftBf** 20 

[0 0 9 6] i^L/fca^ffl^T*^^. :7U-&tt 

£«S6£fc0, 4>fc<£<fc>#Kl::T4 0 0 (Oe) £Ui 

x^rrsj^^aKfc^n, ^u— ma.mi<Db^y^mT 
x ^ t jgtt nt v > -5 . 

[0 0 9 7] Z<D±5lzVTmfc2tirci/>>f)\'7>X> 
[0 0 9 8] 03H *»^^3^Jfi^li07 ? ^T;i/ 40 

4, 7 wmmisTmrnztiT^*. 

Tift® 6 a>£&H@ 7 £T<D*B88<DP5<BNrte/v- KA 

m&ztiT^z. so 
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[0099] m3\z^^o\z, yo-m&fai&vk 

*XOffl^it«a t 4 4 — 5 7 CO&BftTfc* £ 

<h;WF£L<, «tO»^U<tiX-Mn^<feo>7C9Rxo 
JflJBfcifctea t 4 6 — 5 SOfcHrtT**. 

[0 100] 7U-KttSlct0t)±<ffllC«fiE$ 

tus<ot. Hi^"rR»attt^4ii^i;sic, Mia 

S^KttS4 ^«j^T^X-Mn^c^7c5RX<OlflKEtt: 
ttat%T, 4 7-5 7<DVLMto'?&Z>Z.t&tttZl> 
<, «fc0«F* L<JiX-Mn^OTC5feXCDia«itWa 
t%T. 5 0-5 6COjgBrtT<&'&. 

[0 10 1] dOfflfiE«6Hl*3T^n«, aaawtcijtt 

«&^«IC^frtSWffiR^»tta4 0»^Ra. cCDit 
c/attU 0. 9 3—0. 9 9<0«SHf*9T*-5Cl«h*^ 

[0 10 2] ±^Lfcja*<6Hrtm^ 4>/cC<£t>4 
0 0 (Oe) «±C0SfJftS*tta^^-5^t^Rl^T 
<fc<£>^ K^«tt®4£@^iKttJi3cr)TtC^fiKf 

[0 10 3] ^Mtti4^.X-Mn-X / 

at%T, 0. 5-^5©fcBfre*<&. £/t7C?8X<hM 
nt<7>ja^it<OSq-&X : Mnlt 4 : 6 — 6 : 4<D«!B 

[0 10 4] $6^7U-«tt@ 1 <fc 0 t>Tfi(IIC^fi£^ 

nTu^R^atttS4<o«^, meEMttttji4««ij« 

tiX-Mn-X' ^©X + X' OffljBfitt:«a t% 

SL<liX-Mn-X' 6*<DX + X' (Dlflj5£tfctta t 
XT, 4 6-5 5(D<6fflrtT^^. 
[0 10 5] 7U-«ttSl^0t>±(6Jt^fiE$ 

nrv^s^iKtta4cD«$, mesfnttttii4«ifitt 

nx-Mn*X' + Oia££H:«a 1 

T. 4 7-5 7 0(5irtT*^^^»*L<, <tO«F 
^K«X-Mn-X' -&^(0X+X' <Dffl*£&tta t 
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XT. 5 0-5 6<9i£BrtT**. 

[0 10 6) ±gffl^jgH(*9-c*ti«, (a«aasa^tt 
it£#®£«!^T*c:<b#T^ SE^raiaa^ffi-r 

[0 1 0 7] C (Of a >/^P/i»K«f 

[010,8] ifig8^67'j-ai4Bi, #ss<±»m 

&mnm 2 tss&ftji 3 <t <dimtx t: > tctt?? Lft 
[0109] at*, 0i*5£tf@2tc^-r^>^xhr 

*>«fct/*att^®® 2 £®£«&Ji 3 tOM<D 
2@^fT^iCD^^U, S 3 iZttrn. 7 )V7, ¥>/*\)l> 

[oiio] *f&m<om4m$&&m<DAMRM 

T*^©C»tt® (SALS) 10, #«H±g (SHUN 
TJg) 1 1. *3cfctfl8§U£ttJI (MRS) 1 2t>m&L 
TiaBSnT^*. W^tffrEttlBSttS 10H F e - 
N i -Nb^, #85ttBllH TaJK, Ot&teia® 
1211 N i Fe^&lCjzOJg&SnT^** 
[0 1 1 1] MEKmJStftBl 2<0±tctt, 

XB (£&«&») 9, 9^«$n» 89EX 
^Xfi>y/H7Xi9, 9<Z>±K:H C rR&fc'T 

^js*nfc««ei3. i3^^nt^-5. 

[0 1 1 2] g| 4 i:^1"X^ X^x >v /H 7X19, 
9tt. 0 2l3tx^Xfx>y/H7X)g 9, 9 £13 
&\Z. X-Mn§l #£L<teP t Mn£&TJBl££ 
nx^O, X-Mn&&<D^X(BfflfiKJttta t XT. 
4 7-5 7 0>©Bf*3<b&oTU<5. J:0»^U<«X- 
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Mn^&<07C^xa>aj5Sit»ia t XT. 5 0-5 6<E>ifc 
H^T**. 

[0 113] i^Ex^Xf i>yVH7XS9, 9 
tt. X-Mn-X'&ft (fc£LX' WU Ne. Ar, 
Kr, Xe, Be. B. C. N. Mg, Al, Si. 
P. Ti, V, Cr, Fe, Co. Ni, Cu, Zn. 
Ga t Ge. Z r. Nb, Mo. Ag, Cd, I r, S 
n, Hf. Ta, W, Re. Au, Pb, Rtf#±«5E 
#0?^18£fctt2S&±<&7G*T&*) -CB&ZtL 

10 T*5 0, 7C3SX' ^>fflfigttll at XT* 0. 2-10 
<E><&B?9T<&0. <fcOff£l^fflricftHtea t XT, 
0. 5-5<D®HrtT**. £fcS3fcX<hMn£(Z>&fi£ 
Jt<081£X : Mnll 4 : 6-6 : 4 (D«effl**9T&* £ 
£7Wff£Ll>. ^fc04(C^"TX^X5 1 a:>^AW7X 
@9, 9tt, BI2^Tx^X^x>> ? /W7XH9. 
9tH*l:, X-Mn-X' S40X + X' Ofidcttte 
at XT, 4 7-5 7 081^i:/j:oT^6. cfcOSfr* 
L<l*X-Mn-X' &4©X + X' Offlfifctttea t X 
T, 5 0-5 6<0&BrtT&*. 

20 [0 11 4] £U:X-Mn£&&*^teX-Mn-X' 

Xfx>y/W7Xi9, 9tm%.t&Vim 1 2 <bO#E 

i F e a&QMf&t&ttiM 1 2<BKJP#2 0 0-3 OOt 
>^hP L -A^H t5i25^ffi^T^4 0-1 1 0 
(Oe) <D&&g i lj&mft&nt>ti. £DfeW\ Ni F 

AOS^CIl JKJ60-110 (Oe) 

a 4 tc^rfifit^ftfii® i 2^b®«^, a 

30 inx^fticmasfbsn*. -ebTdtH'^K^nrss 

**. &m«8Ewaa»£tJ§ i 2 &wLnz>m\zn 
&t*tmmm*s &m&sio\zYj5fa\zwmzn. 
©cffltttsi o^t>^^-r»fiaie^x^;i,^-ic«to, is 

en*, x^(c*iKK«:$nfcaaaeiSi 2oa® 

trtBl 2<DAfS«^«^<klC«-r-5fi»t^fk («&« 

40 Kje^ti^, l2aa*o^8d^rS]«z^fSj-e*o, 

Y«A(caitiat^4A&ti«£:« a^fifitsi 2coa 

[0 115] EA±»j4LfcJ:3lC, *«d'Wt 
&H4 (A5HIJxi'Xfx>v?/H7XB9) ^X- 
Mn&^ (fcClXn Pt. Pd. I r. Rh. R 

u, os<op^iim^iaifc«2aw±©7c3ftT* 

^5) . »*L<«P tMn£&TJgric-r*BStC, ffiJSR 
StBttJB4 0aatteSttlcHSlT«C2:lzJ:D* Iftffi 
50 K5fi»ttS4t. COS^att®4i:«UT^*$n^ 
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HfcBtt® 3 (<&*M*:7>J-«ftg 1 SfcttBSUSK 

112) t<onmmmzftm$ikmt?zzt#-?2. 

*7C*X<hMn«nfC, S37C*tLT5c5RX' (fc*£ 

L/X' \t. Ne, Ar, Kr, Xe. Be, B. C. 

N, Mg, Al, Si, P. TI. V, Cr, Fe, C 

o, Ni, Cu, Zn, Ga, Ge, Zr, Nb, M 

o, Ag, Cd, I r, Sn, Hf, Ta, W, Re, 

au, Pb. Rif#±m7cmv>5*>im*rz\z2m&>± 
7 u-Bt$ji i sfcteBstsst® 1 2 ) £<D#ffi«ijg£ 

fcSC£a<pjf£T&*. £fc£&Btt]i4<hE£«&g 

mam & #&&vtm \z l ^ -r < t ^ -5 * u ^ . 

[0 116] *fcj™Ba*#B6ttB£UT*<Cfc 
T££A*ttBJl&BS£&#-C£«6>t2. »jag£jg 
TC<hlC<J:9, 'BeKftB1£B4 0jaa*llB£2Fttfii]tt 
W £ «BJ»TKseit ^ it S C 1 * t& a 

MeK&B1£B4 4>ttmgfta, c©lfcc/aH 0. 
93 — 0. 9 9CD&BrtTfc££<ha*#£l^ 

fSft-a..c«>lfcc/attO. 9 18T*5) . 

[0 117] ft£ v BKttWa«*?J|tiD 
«JS*H- 1 -04 \Z*TmmizEi7£T2> fcOTfclft 

£\ A-H/H7X15, 5fc»jBftUa:lr»T. 7'J-B 
ttJl 1 <Z>T<Bilr h 5 y ^4BTwOfgjB££ttTx2 
x>^/H7X@*MLT J b<fcUU, 0 2l:fty> 

^f7X@9, 9&Sjftlxttfri-?. TU6^gftM7 

[0 1 18] B5I1 Blft>6B4£*?Bfttttt«X 
S^B^filt^nfcK^ffiO^-y KOftB&EBBItJ: 

o»raj®{Bi3&^afcWf®BTfts. }f^2 0ii, mz.\i 

C (BTS5 F B 2 0 0±l3TSB4r v v ~fm 2 1 #<« 
liSftT^*, $LtzTm*\>yZfm2 1<D±\Z\Z* HI 
6 H 4 iZm? BSffitftfSKS^ia 2 2 $ *1T*5 



(13) »B¥11-191647 

24 

o . £ 6 2 2 0±fctt. _hg? 

ifctt. N i F"e£*&£T»**njfc±«>'-*FB 
2 4ft<Jf?j££nT»«. 

[0 119] »BTB**y:/B2 lM±Wt^y 
B2 3(t BAtf S iO.^Al.O, (7^^) 

TgB*Y-y:/H2 lft>&±tt?*y:/fi2 3^TO 
[0 12 0] 

MltARl. SBBttB««der&-7cB0!)P ts 

i:Ta (10 0) /i£8fii : N i Fe (3 0 0) 

:PtMn (30 0) /Ta (1Q0)<D 
IBTMlfc. tt*±E«B*©»ttttBJ«aJbLT 

20 «3fcv>ft»-c> X8Bft©^/2 0Si:i0, PtI 
tKBBttBOtft^ftRfc^HB*. [eltfr/^-XDfc? 
-^ffiB*^*«>fc. 
[0 12 1] EI6lC^TJ:p(^ P t g^ii2ra-r*«I"P 

nr. £3$BttB (ptMn) <z>«?£ft*<*:£<tt? 

e^, CoFe&l ££fc*C o0>fe¥£ftl&. 0(c 
^r<fc5K:, &3. 5 — 3. 6<D«ffl-e&S. 
[0 12 2] ^(C, jKBBttBeB£Bttfl0>T. 
^te±K^/*bfc2^tf>£8&£, DC7^hP>X 
30 /Vj^ttfciOiSBU &&S£l6Lfct£fc::tett*P t 
fi <KBB&B£BB?«-5c£) ££»£2ftfcB#<>: 

[0 12 3] KBBttB**, @5£Btt/I<DT(;:^fiJc<*n 
W*KIritfcLTH T3d^SiSfi/7;^t/T 
ii:*Ta (5 0)'/Saattl:PtMn (300) 
/BSlftSiCoMFe,, (3 0) /«8i:Ta 

(ioo) omtbbu wrERsaBttJiat, ea^Btt 

BO±lzBJftStlT^«MKB£:UTaT^&« SIS 
fi/7J^t/Ta (5 0) /HSBttH : Co,.Fe 
40 ,,(3 0) (300) /ttflU : T a ( 1 

0 0) fc*s, ±E«ifll4 3 ^»©J*KiP 

[0 12 4] ^fc^fflSXgfCiJttS^fttLT^ * 
1"#a»r3»Mt*Ht. *^2 4 0K<D&Kttffi£3 9* 
ffiJ«l*L, $bi:, BBIC3ftBBt3^»fc. BA 

[0 1 2 5] 0 7 R^BttS (P tMn 

^&) @3gBtt@cOTffl»C*i«^, *3J:tf±«fc 

P tM»5 0 a t X*T*#<A:«lc 
SO L&#oT. ££A3r1£BJM*B<ft??fr>$« Ptfi 
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/h S < & -o T <r> -6 t) ft* . 
[0 12 6] 40 0 (Oe) «±<0 
fclCtt, Ra«tt® (PtMn) Sra^BEttSCOTfflHw 

R»«tt® (PtMn) $@^atta^±iftnc^trc 

«o> P tft£4 7-5 7 a t fcCDftB^TfittlCg!© 

[0 12 7] ^ft600 (Oe) «±<D£lftS:tfttia# 
E&KteB (PtMn) €HS«8ttS<0T 
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R^KttH (PtMn) £&j£m&mv>-km\zmtii 

Lft%<£, Ptii5 0-56 at %0>VLm^VMit\Z 
[0 12 8] «±O^Sfc|§£a>£, (P t M 

n) <o&&&£m&izmBLit&mm£LT 4mm<og> 

JBR«i£KU tt&mtl>T l8Jg0>^jaBI£j£&U 

o^»»s*«iiz^r. 

[0 12 9] 
[£E1] 



> • 
* m » 




^JSfi»J(D~®ST<D*JBKtt. -»^xe>/1J^l [0 13 0] £fc3&66Wa>©#@Bll::tt. Cu (#J8fli 

WKSB^-C* 0 . ^»W©©*SKtt7 ; 3.7Jl'Xtf>A ijjffijg) «±Jc. Co-FetN I -Fe««fiISnT 

OTOO*@ffit^i:ia«fi£T. E^SttS (P tMn) U«ICSIigOT<3)<D*JiKlCtt. Cu (*«tt^fi|IB) 0> 

Offlfi£tt©*dW«CoT^S. 50 Tl:, Ni-FetCo-Fe^iSnt^iJi. C 
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0>$mm\z\z. 2-rxocu a>m\z* c 

o-Fe* Ni-Fe, ^Co-Fe^8f$nt 
[0 13 1] & 1 \Z^-?£5\Z, ^JSW(D-a>£-?<D£ 

ssi-m* ptMn (K&mttm) tcoFe (Bsar 

to i 3 ?] t<6iz, r^tftS^ttat^j *5<fctf ra^t 

[0 1 3 3] £k±4>*mmmt* P t M n £&<&|&fi£i*: 
KBSffcUTl**,, ^KC^Tctpl^ It* 20 

PtMnOP tgt*4 4 a t X-efeSOHrtt U ftffiM 
O-j)$rOPtMn(0Ptiil 49-51at^t 

[0 134] £<Dfz!b+ 06 (Jftflatt) e#R-TS 
ItKMCflDPtMnO^SRH ftlBMa}-®^ 
TOP t Mncote^£&J;r) ft o T*5 0, fc« 

fl©©#**SMM0)'~©fcJt'<"t\ PtMn 
■) e»?£ft&. Co-Fe (H^«ttJi) <0»^£ 

(0135]^0 t IMlBM[f)ft»^«^T« ttttfl 30 
©0*1RT«, PtMntCoFei^Bil^S 
tuft 9 •«>?<. — ^JSWD-^STa^JBR 
TfcL PtMntCoFe &4>#lBtt&#r#gafttt-lC 

[0-1 3 6] j|MBfStt-Ttt, mfiCT©~®*5cfc^Jt«0y 
©(DP tMnOfSAttartt. *mm&? (IB-OA** 

^^©TJi^S^lSLT^, P tMna>*SS«jgtt 

mztewmttsi^T^z. 40 
[0137] ctucatu jM#tajww&fttt&tt? 

«fco. PtMn «>ea«iK^7JBm«^ $ 

(L LBaBfriBMOT &XBU RMftfttft 

[0 13 8] H8 tt> &&3&IC&t*£&&W©CDP t 
Mn^CoFe <h<0#ffi«xi^-r»»«ffiT EM^S 
8 8l:Sn5l:, PtMntCoFet©» 
ffiTtt* PtMn 0>B?4>ttt£$ffl t C o F e Ogi^cD 
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[0 13 9] — B9ti. &fflaf6lci3tt*H:&fcI© 
<*>PtMn<hCoFe £<0#Bffi&£^ri«#»g6T E 
M?Bt»^. 0 9 II^Tcfcpir, PtMntCoFe 
£©!WCtt. P t MntD^(03£^rSji:CoFeC0 

[0 14 0] £fcHl Ote, 3SlfcW®<Z>2>@RlC;fctt£ 
P tMn^aiKkfi^, 01 l»tttt*f(D4>£BRK* 
*t*P tMn^«a'J{fcK4fil5tUfcSft«t31ft<7)*aje* 
~C$>2>. &mt* PtMn lC*3tt£ 2 ^<D^Hffift { 1 1 

i} B«>ftT***Rj£u *0«rrAflE**&««{fc* 

PtMntCoFetflOIH* 
6P t Mnffld^WHIfR^^bTl^. 
[0 14 1] 01 OlC^fct^tr, { 1 1 1 } ffi<Z)ft-r 

tf^T*5 9* P t MnO&affigtt* 3»«lS68<OTSfl»I 

[0142] cmctf u 0i ltit (ill) B<o 

T*5D. P tMnOttBftStt. «MS3£IKIT«>. & 

[0 14 3] &>±<o&o\z. 'ftttfl(D-~e>4>£HRT 
\±> PtMn^Ptl^49-5iat%i:nct 

J; 5 fc. PtMntCoFciOffBTRfJ" 

[0 14 4] lfcttffl®Q£RRTI*, P tMnCO 

P t g#4 4 a t Xtftlf»OT, #B«ittt££tt&£ 

^cfc^JC. P t Mn£CoFe<hO#B-Cf8£-r*£ift 

MntcoFe &0jHM£e*Mira&-r*£tt. 

P t Mn^lSfiErSji:* CoFe©*SSE|S]<>:£afc* 

[0145] aeiic^-r (ill) ®£>Eifiiffi<*> 

r&j r^j r«j «. RB#m£OTsaftBAK£ 
SbbT^S. $lt:§nol:, &«&«I©£>PtMn 
W (1 1 11 ®0>E|S]ffi, * <fctf C o F e <HJ£&tt 
H) co {l l l) ffioffifSiStt^fc r^j tftoTt> 

[0 14 6] cntt ^i»«»l©a)K«l^^^»9r*i:. 
TatOiCM^nfcNiFe, CoFe <7U-«tt 
@),Cu (#^»tt«mS) ^<ttfCoFe (BSBtt 
■) Ttft)g<i:LT<OTa<DK»^<S^T. {1 
1 1} B©Ef8lflEtt?*<35tO. H6^#fiaUTt)^S<t 
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frtto\Z* PtMn<D (llll Ete, CoFeO {1 l 

[0 14 7] CftfcttU %ttHQrCttTa0±l;:JBtt 
^NiFe. CoFe (7U'-ttttJB) , Cu (# 
»tt»®@) fccfctfCoFe (H£«itJS) tt, TiftB 
£ LT<0T a <DSS£8< §ttT, {111} ffi<Z>E|S] 

l»l:*l«CoFe (BJ£«ftJi) OftfSfttPt 10 
P t M n <0 { 1 I 1 ) ffili, CoFe <OigiiBBia](0#« 

[0 14 8] £ifcP tMn<Z>±tCCoFe (HJfcffitt 

s) *>mmznx^z&fcmQ>G><D®&x\z* cove 

&P t Mn<D±\ZMl&t<nZ£. CoFeOlllI) 
ffi<D&fo&\tm<UO* SEoTP tMntCoFet© 

[0 14 9]»:*«58rH ^IttS^Pt-Mn 20 
-X' (X' =Ar) £&T?*JSU tcSSX' P 
t-Mn-X' S*©*?JEftfc©Hfffcot*Til*< 
ft. *»»CfcfflLfc«*rtttT**S. S I Ifi/7J^ 
t/Ta (50) /Co 1( Fe„ (30) /Pt-Mn 
-X' (3 0 0) /Ta (10 0) T#*o fcfc&fflrt 

[0 15 0].EttBttll(pdURa. X't v^ttBftl;:. 
P t £:Mn<hC9©]£a*6 : 4, 5:5, fttf 4 : 6 
^3a«a>^-y7h^Ml. yyhft«t> 30 

^ICcfcoT, P t -Mn -X' (X' =Ar) 
ML)i:. *LT» Pt-Mn-X' (X' =Ar) # 
gRtplC-AttS-X' (X' =A-r) Pt-Mn- 
X' (X'=Ar) 0tt?£ft&®Hftlc:?»Ttt&L 
ft. -C-4>mM»JR£B 1 2 ICS*. 
[0 1 5 i] a 1 2C^tcfc9l:. PttMn<h©as 
tt<D8d£at, 6:4, 5:5, Rtf4 : 6 <0\t*?tlfr<D 
«£K:fcUTfc, tc^X' (X' =Ar) mtfi*£<& 40 
^CirlCcfcO, Pt-Mn-X' (X'=Ar)0|«f , 

nNIFeft*, CoFe&l ^fcttCo 0)% 

?sft»*. ®i2 ic^-r^K, #3. 5-3. 6<z>& 

BT**. £fe£«>ftttTtt» 5c3SX' (X' =Ar) 
S£4 a t -enJ^±^$^$^ac!>« 

A r «^X7c3RT*S/b«>t^ H XBE£ ±tfT t> , 

[0 15 2]*lr, ±^<D^RtCffifflU^:P t -Mn- 50 
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x' ex- =Ar) <£&m\znv* aTicB«r««Ma 

1**flC3«rH***W\ &K2 4 0KOSffi«ffi€r3^f 

3S£££5X 1 O-'To r rRTiUfc. 
[0153] 81311 Pt-Mn-X' (X' =A 
r) £&&<D7C?feX' (X' =Ar) S£, ffiESfflJl 

1 3 \zm-TJ:z)lZ. ytmx* (X' =Ar) fiftt**< 

f&fcS, 7C«X' (X' =Ar) £P t MntCgS 
Ifflfntf, tcSSX' (X' =Ar) 6SAlLA:t^ttdfC 

[0 15 4] *l:$5S«tH S'jOTClStX' £18 HT. 
E&fi&ft®£P t -Mn-X' (X' =Mo) 
fi&U 5c*X' (X' = Mo) St, Pt-Mn-X' 

(x' =mo) &&nio>to¥feSL£onmzr}i,*xm'< 

ft. XRlCffiffllxfcM&ttT*£. S t£«/7JI/£= 
t/Ta (50) XCo.oFe,. (30) /Pt-Mn 
-X' (3 0 0) /Ta (10 0) /x^M^ 

[0 15 5] E&ttttHOdHRlCtt* P tMnO^-y 
yblZTtmX' (X' =Mo) O^y^*llS0'ft-*)^fc 

(X' =Mo) g££ffc<*1*T, fffifiTcStX' (X' = 
Mo) itPt-Mn-X' (X' =Mo) £&<&8HP 
feRtKDmWz-D^XMfeLrc. *:<0&1fr1g&$:mi 4 

[0 15 6] 01 4CStJ:5l:, P t £Mn<h(Offififc 
: 4, 1:1, 4 : 6 0tvrnft*<D«£»l;: 

fc<^Tt>, K*tc^^^7c3Rx' (x # =mo) e>mm 

"P t - Mn-X" (X' = M6) O 

WfifcT-SN i Fe&4, CoFe&l ^«Co<J)» 
^fcfctt, HI 4fc«-rj;5fc» »3. 5-3. 6COJ6 

[0 15 7] ±aB3S»T<£fl!UfcP t -Mn- 

X' (X' =Mo) U ttT(CE«-r-5|»5a 

aS^ffl^rSX 1 0-*To r r&TLLft. 
[0158] 01511 Pt-Mn-X' (X' =M 

o) ^*h<7>7c*x' <x' =mo) <z>m&£* meM 
sasictoT, &ftm&®£&fem&m£<z>ftm\zft$= 

-5. S 1 P t tMniOffl«it<7)S|^ 
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*«, 6:4, 1:1, 4 : 6©V>fno(g&T&oT 
fc. K*<Otc*X' (X' =Mo) g*t&3 a t %£U: 

«Mc, K4><D5n«X' (X' = Mo) 
a t Kfil±£&*£, P t £Mn It 

[0 15 9] 7C5RX' (X' =Mo) (Djgtt 

fe^rg-c****, 4>fc<£t>, saiBTcsRx' (x' = 

Mo) £-&WLfc^«£\ -?Ut>*>. tc*X' (X' = 10 
Mo) I^0atWt$J:Ot), 
<^<&:tW^l/K P t : Mn<7)»]5£Jt<D$5£a*, 
6 : 4<7>«£«:, 5c3?X' (X' =Mo) g*t, ift 1 a 
t^TT&tltf* 5c5gX' (X' =Mo) gd*0a t 

t : Mn^ffififiitO»l^^ 1 : 1 tc&X' 
(X' =Mo) g#. 3KI 7 a t %KTT*tlH tc?S 

x' <x' =mo) m&o a t %0>£%&r)b* 

<fr*„ Pt : Mn(D&&Llk<D®l 

4 : 6<om^kt. 7C3SIX' (X' =Mo) g^, 20 
filOa t %«T7?*nH tcSSX' (X' =Mo) g 

[0 16 0] tcSJIX' (X' =Mo) ©att&d 

f*DTKt*S^. Pt : MnOfcrtit©*!***, 
6 : 4<0«^, 7C3RX' (X' =Mo) gj&«, j&O. 5 
atK(ctt$£. 

tcSIX' (X' =Mo) gd<, 0. 
5atX«tD*/M^0. 2 a t XtTRi:LT8£L 

[0 16 1] £UiO%M£*^ tc&X' 30 
(D»j£*t<D»£LU«EB£a t %"C0. 2*6l0tL 
fc. 3;;tJ;9*F£L^«effl£a t %T0. 5*^5tl 
fc. ft*»±e4>7cXX' 0>ff£Lt>Bj£BH'tt, Pt 

(=7C3RX) <hMn£<£4 :6d>66: 4<Og6HrtlCl9: 

[0 16 2] 

B&BBttB£fr&£*K£t££BC£»T, 

«tt«£X-Mn (teUXIl Pt, Pd, Ir. R 

h, ru. os<D-p^uTn^ia^fe«2aBi±<07c 40 

iFe§4) &0*Bttfi£#SdttB£lTfc>*O 

[0 16 3] tc#X' (fc«L 

X' tt % Ne, Ar, Kr, Xe, Be. B, C, N, 
Mg, Al, SI, P. Ti, V. Cr.'Fe, Co, 
Ni, Cu, Zn, Ga, Ge, Zr, Nb, Mo, A 
g. Cd, I r, Sn, Hf, Ta, W, Re, Au, 50 
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Pb; RZfft±mjtm<bo*> lS*fcte2S£U:<z>7c3fe 

narH***sc:ticj;o. neEBttttB&BBtt 

a MAKNiFeM) &aJlB*&€#B£ttttK 
[0 16 4] »»a*MLfcftl(«c*lf»T. 

£&BttB0^&<£«~B0£Aftfi*<. li.sio 

MitBOft^Sa, cfl)ttc/a#, 0. 93- 
0. 9 9 0tIftT*4Ci^ £9*«t>£»it£tt 
B#*»*C&#TS*jftT#*l^. 

TWili^ IMB«»fc#B£*BCL*T^iKT# 
[0 16 5] £Lb®J:5£. JHBBBtf#BftttB&ft 

[02] 2fc%^(D^2^Jfi^|g<0>'>^Xt>>/t;i,^ 

[0 3] *:5E^om3IISg^ffiOT r aT;PXt:>A;^ 
BBB*T©BB*AB SB«**SJi,fcKffiB. 
[04] *£B0B4*£BB0AMRaftK*Ta>tft 

B&ABSBM**£jLK:KBB, 

[05] stBBlc&ttSBBBB'sv K^iasfac^tco 

ftABMft* 6,&£:»r®0> 
[06] R&atttUfcP t Mn-CBttLfcttdtC&t? 

wnNTop t i&MEEantiottfCfti 

" [0 7] SKBftlliP t M'nTM fft*ftl:*Jt-5' 

[08] ^i (c^-r^ss€«j<3)o*sjKoia»»figTEM 

[09] SlKC^-ritttfl®«>#HBOB^BBTEM 
[010] £ 1 (C3cr*ttff90MMK:*»t& P t M 

[01 1] Sllc^-r^SS0«®^*®Ktc*5ft*P tM 

[01 2] E5fi«ttt)l£P t -Mn-X' (X' =A 
r) r^f£Ufc«£K*5tt*7t5BX' (X' =Ar) g 

[01 3] R5&«ft@£P t -Mn-X' (X' =A 
r) T»£U;fc»£K:fctt*7L*X' (X' =Ar) S 
ch £tfe«S£B» £: 0) & £ ^ 5 7 , 
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[Bl 4] RSMBftJI£P t -Mn-X' (X' =M 
o) -C«fi£Ufc$£»::43tt47Csf!X' (X' =Mo) 

[015]gMftI$Pt-Mn-X' (X' =M 
o) -C«filcLfc«£K:*5tt57c3SX' (X' =Mo) 

i 

3 @5£8M±B 

4 R!Ji«ttJl 

5 A— HAW 7 X IB 
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* 6 TJ6S 

7 ft&jg 

8 £«Jg 

9 I^Xfi>-^H7Xi 
1 0 tfc&ttJI (SALS) 

1 1 #ffi&Jg (SHUNTS) 

1 2 m^tSmm (MRS) 

2 0 TSCv'— }U KH 
2 1 TSS^i-yy® 

io 22 jBstastsa&sHPjg 

2 3 ±88^7^1 
* 2 4 ±m~>— 
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